
TA7 
W34c 
no.GL-89-
2 
rept.l 
v.2 

LIBRAR'l 
USE ONLY 

' ·1 
I 

~1 
~ 
J 

( 
• 

.. 

• • 
• 

u~-\.,C•\,Property of the 
United S.... Governm nt 

CONTRACT REPORT GL-89-2 

RE-EVALUATION OF THE LOWER 
SAN FERNANDO DAM 

Report 1 

AN INVESTIGATION OF THE FEBRUARY 9, 1971 SLIDE 

VOLUME II: APPENDIXES A-F 

by 

Gonzalo Castro, Thomas 0. Keller, Stephen S. Boynton 

GEl Consultants, Inc. 
Winchester, Massachusetts 01890-1943 

September 1989 

Report 1 of a Series 

Approved For Public Release; Distribution Unlimited 

Prepared tor US Army Engineer District, Kansas City 
Kansas City, Kansas 64106-2896 

Under Contract No. DACW39-85-C-0058 
Monitored by Geotechnical Laboratory 

US Army Engineer Waterways Experiment Station 
3909 Halls Ferry Road, Vicksburg, Mississippi 39180-6199 



VOLUME 2 

NOTATIONS 

APPENDIXES 

7-2Z 

CONTENTS 

A - Subsurface Exploration Program 

B - Exploration Shaft 

C - In Situ Void Ratio Changes of Critical Layer 

D - Static and Pseudostatic Stability Analyses 

E - Shake Analyses 

F - Laboratory Testing Program 

• 
1 

7A1-
c 

VlO . GL-89-L 
r~'t:J_ 

y. 2_ 
Page 

• • 
11 

Al 

Bl 

Cl 

Dl 

El 

Fl 



NOTATIONS 

The following symbols are used in this report: 

Symbols and Abbreviations 

Ac = area of triaxial test specimen after consolidation 

amax = maximum base rock acceleration 

Be = Skempton's pore pressure coefficient after con
solidation 

C = cone penetration test sounding prefix 

c = cohesion intercept of a strength envelope 

CR ID - CE 
= clearance ratio of sampling tube = CE 

where ID = inside diameter of tube 
and CE - inside diameter of cutting ed~e 

CR = consolidated undrained cyclic load triaxial test 

CRR = CR test followed by an R phase 

D10 = diameter at which 10% of the soil is finer by weight 

E = east 

et = void ratio in sampling tube 

e = void ratio 

ec = void ratio after consolidation 

ES - exploration shaft 

e1985 - • 1n situ void ratio at time of 

e19 71 - • 1n situ void ratio immediately 
San Fernando earthquake 

F - force 

sampling 

• pr1or to 

Fa - maximum cyclic load applied in CR test 

. . 
11 

• 1n 1985 

1971 



NOTATIONS 
(continued) 

FD = field density test 

factor of safety against liquefaction susceptibility 
(equal to ratio of Sus/Td) 

maximum load above anisotrQPic load felt by sample 
during cyclic loading in CR test 

ft = feet 

G = specific gravity of solids 

G = shear modulus 

g = acceleration due to gravity (32.2 feet per second) 

Gmax = shear modulus at very low strains 

Kc = consolidation stress ratio = a1c/a3c 

k(t) = 

coefficient of lateral earth pressure, equal to 
ah/av 

time history of average acceleration of sliding mass 

kmax = maximum value of k(t) 

ky = yield acceleration 

LV = laboratory vane shear test; undrained 

N = north 

N = standard penetration test blowcount, blows/foot 

NGVD - National Geodetic Vertical Datum; elevation 
..... 
p = mean of minor and major effective principal stresses 

or vertical effective stress when used in the form c/p 

q = one half of difference between major and minor 
principal stress; shear stress on plane inclined at 
45° to major principal plane; 

qa - maximum applied q during CR test; summation of 
qc and Fa/Ac 

• • • 
111 



NOTATIONS 
(continued) 

qc = q at completion of consolidation 

= q when peak shear stress is reached during triaxial 
test 

-
qr - maximum soil stress felt by sample during CR test; -

summation of qc and Fr/Ac 

qs - q during steady state deformation -

qus -- q during steady state deformation; undrained 
conditions 

R - consolidated undrained, monotonically loaded triaxial 
test 

S = south 

S = degree of saturation 

S - split-spoon sample boring number prefix 

S = consolidated drained, monotonically loaded triaxial 
test 

sec = seconds 

Sds = drained steady state shear strength 

SSL = steady state line 

Sup = peak undrained shear strength 

Sus - undrained steady state shear strength 

Sy - yield strength 

t - time 

t - tons 

tsf - tons per square foot 

TS - tripod tube sample number prefix 

U - undisturbed sample boring number prefix 

• 
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NOTATIONS 
(continued) 

U = undisturbed sample number prefix for fixed piston 
samples from borings 

Uc = backpressure in triaxial test 

V = volume 

W = west 

w -- weight of sliding mass 

as - slope of line through points - representing 
state of deformation on stress path plot 

llV chan~e • volume - tn -

lle change • void ratio = 1n 

6 - shear deformation -

£a - axial strain 

steady 
(q versus p) 

£s - axial strain when steady state deformation is reached 
during triaxial test 

Ep = axial strain when peak shear stress is reached during 
triaxial test 

-Eec axial strain at end of cyclic loading • CR test - tn -
(see Fig. FlOS) 

-axial • at of rapid failure • CR test Erf - stratn start 1n 
(see Fig. 1 OS) 

£tr - triggering axial strain; axial strain required to 
trigger liquefaction failure 

r - shear strain 

'Yt = total unit weight 

'Yd = dry unit weight 

'Ydc - dry unit weight at end of consolidation 

'Ytr = triggering shear strain; shear strain required to 
trigger liquefaction failure 

v 



-

• 

~ = Poisson's ratio 

NOTATIONS 
(concluded) 

's =friction angle at steady state of deformation in 
terms of effective stress 

• effective stress friction angle computed 'P - max1mum -
a Mohr diagram 

- horizontal effective Oh - stress -
-01 -- • maJor principal effective stress 

from 

- after consolidation • principal effective stress 01c = maJor 

03ec = minor princi£al effective stress at end of cyclic 
loading in CR test (see Fig. FlOS) 

-OJs = 

-

minor principal effective stress during steady state 
of deformation 

OJrf = minor princi£al effective stress at start of rapid 
failure in CR test (see Fig. F105) 

-03 = minor principal effective stress 

-OJc = minor principal effective stress after consolidation 

-Of = effective normal stress on failure plane 

-Ofs = effective normal stress on failure plane during 

-ov 
-oo 

-

--

steady state of deformation 

vertical effective stress 

octahedral effective stress; also contact stress 
between soil particles 

~ = shear stress on failure plane 

~d - driving shear stress on failure plane 

• 
Vl 
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APPENDIX A 

SUBSURFACE EXPLORATION PROGRAM 

A.1 Purpose and Scope 

The purpose of the exploration program was to characterize 
and obtain undisturbed samples of the sections of the dam which 
did not fail in 1971. Sampling was concentrated in the intact 
hydraulic fill shell on the downstream side of the dam. 

The exploration program consisted of the following: 

a. six standard penetration test (SPT) borings performed 
by the Corps of Engineers Waterways Experiment 
station (WES) between September 9 and 24, 1985. 

b. Twelve cone penetration test soundings (CPT) per
formed by the Earth Technology Corporation (ERTEC) on 
September 18 and 19, 1985. 

c. Six undisturbed sample borings performed by WES 
between September 25 and October 12, 1985. 

d. Two groundwater observation wells installed by WES 
on September 25 and October 4, 1985. 

e. One deep exploration shaft advanced by Zamborelli 
Drilling to obtain undisturbed samples, perform in situ 
density tests, and map sidewalls of the excavation. 

An engineer from GEI was at the site during the investi
gation to coordinate and observe borings and soundings. TvJo 
engineers from GEI performed all geotechnical work in the 
exploration shaft. 

The locations of all borings, soundings observation 
wells, and exploration shaft are shown in Fig. 5 of the 
text. Their stations and elevations are presented in 
Table A1. Explorations were performed at 12 locations, 
Nos. 101 to 112, shown in Fig. 5. Borings and soundings 
referenced to their location number. A description of 
exploration shaft is presented in Appendix B. 

• ma1n 

are 
the 

The main purpose of the SPT borings and CPT soundings was 
to identify the various layers comprising the dam. The SPT 
a nd CPT data was used to identify locations and depths for 
undisturbed sampling from borings and exploration shaft. 
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A.2 Split-Spoon Sample (SPT) Borings 

The SPT borings were performed to: 1) recover split
spoon samples to classify soils comprising the dam and foun
dation and 2) obtain standard penetration resistance values 
(N-values) of the various layers encountered. Six SPT borings 
(S101 through S105 and S111) were performed at the dam site. 
Detailed logs of these borings prepared by GEl are included at 
the end of this appendix. 

Split-spoon samples were obtained every 5 feet in 
Boring S104. Intense stratification was observed in the 
split-spoon samples of the hydraulic fill in Boring S104, and 
it became evident that continuous sampling of the hydraulic 
fill in future borings would be necessary to define zonation 
within the hydraulic fill. Therefore, split-spoon samples in 
the remaining five SPT borings were obtained every 5 feet in 
the upper compacted fill, continuously in the hydraulic fill, 
and either continuously or at 5-foot intervals in the foun
dation soils. Each boring was advanced at least 5 feet into 
foundation material. 

The SPT borings were drilled with a Failing 1500 truck
mounted drill rig using standard rotary wash boring tech
niques. Each borehole was advanced without casing, using 
N-rods and a 4-inch fishtail bit with deflectors which 
discharged the drilling mud upward. A bentonite drilling mud, 
maintained at the top of the borehole during the sampling and 
drilling operation, was used to stabilize the borehole. 
Split-spoon samples were taken using a 1-3/8-inch-I.D. 
sampling shoe attached to a 11~-inch-I.D. by 2.0-inch-O.D. 
split-barrel sampler. The split barrel had room for liners, 
but liners were not used. A 140-lb automatic trip hammer 
designed for a 30-inch free fall was used to drive the split
spoon sampler. The standard penetration test N-value used was 
taken from the second and third 6-inch interval of a 24-inch 
drive. The rate at which the blowcounts were delivered was 
approximately 30 to 40 blows per minute. 

Stress wave energy measurements of the 140-lb trip hammer 
system were made by the U.S. Bureau of Reclamation (Farrar, 
1986)1. The energy ratio of the hammer was found to be 72%. 

1List of References is presented at the end of the main text. 
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A.3 Cone Penetration Test (CPT) Soundings 

Twelve CPT soundings (C101 to C112) were performed at the 
locations shown in Fig. 5. CPT sounding procedures and 
results are presented by the Earth Technolo~y Corporation 
(1985). 

The CPT soundings were conducted in general accordance with 
ASTM Specification 03441-79 using an electronic cone penetrom
eter. The cone tip and friction sleeve had outside diameters 
of 4.37 em and a cross-sectional area of 15 sq em. 

A.4 Undisturbed Sample Borings 

Undisturbed sample borings were performed to obtain 
undisturbed samples suitable for laboratory triaxial testing 
and void ratio measurements. Six undisturbed sample borin~s 
were performed at the site. Five undisturbed sample borings 
(U102 through U105 and U111) were located 5 feet east of the 
SPT borings with the same location numbers. One boring, 
U111A, was located 5 feet south of Boring Slll. Lo~s of each 
of the undisturbed borings are presented at the end of this 
appendix. 

Eighty fixed-piston tube samples were obtained in the six 
undisturbed sample borings. Data for each undisturbed fixed
piston sample is presented in Table A2. 

The tube sample borings were advanced using the same 
equipment and drilling techniques as described in Section A.2. 
Each tube sample was obtained using a Hvorslev-type stationary 
fixed-piston sampler. Samplin~ tubes were 3.0-inch-O.D., 
36-inch-long thin-walled galvanized coated steel tubes with a 
wall thickness of 1/16 inch. The cuttin~ edge of each tube 
was machined and the clearance ratio, CR, of each tube was 
measured. Clearance ratio is defined and the values for each 
tube are presented in Table A.2. Clearance ratios of tubes 
ranged from 0.08 to 1.28% and averaged 0.6%. 

The tube sampling procedure consisted of lowerin~ the 
sampler to the bottom of the borehole with the actuating rods 
(attached to the fixed piston) inside the drill rods. The 
actuating rods were fixed to an independent frame that was set 
up over the borehole. The frame was supported on steel rods 
driven 2 feet into the ground. The sampler was pushed 
hydraulically in a smooth continuous motion until a pressure 
of 550 psi or 24 inches of penetration was reached. The 
penetration and any movements of the actuating rods and frame 
were carefully measured before and after each push. The tube 
was withdrawn from the bottom of the borehole in a smooth 
constant motion using hydraulic pressure to pull the tube at a 
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rate of 1 inch per second or less for the first 2 feet. After 
the sampler was pulled free from the bottom of the borehole, 
withdrawal continued to the ground surface at a slow uniform 
rate no greater than 1 foot per second. 

Special care was taken to avoid jarring or disturbing 
the tube samples during sampling, storage, and transportation. 
Each tube was held in a vertical position at all times from 
sampling in the field to arrival at GEl's laboratory in 
Winchester, Massachusetts. Precise measurements were made of 
sample penetration, sample recovery length, and any change in 
sample length during storage and transportation. Soil volume 
changes which occurred during the sampling operation, 
expressed as aV/V, are summarized in Table A2. A large number 
of samples had very little volume change during sampling. No 
changes in sample length were recorded after storage and 
transportation to GEl's laboratory. 

All undisturbed tube samples were brought to Futura 
Engineering Laboratories Inc., Santa Fee Springs, California 
for x-raying. A GEl engineer was present during x-raying to 
assist in handling the tubes. 

A. 5 Groundwater Observation Hells 

Groundwater observation wells were installed at 
Locations 104 and 111 shown in Fig. 5. Groundwater obser
vation well reports are presented at the end of this appendix. 
The following stabilized groundwater levels were recorded in 
each well: 

Well No. 

OW104 

OW111 

Date 

10/17/85 

10/17/85 

Groundwater 
Elevation, 

NGVD, ft 

1016.4 

1011.3 

Groundwater elevation in the exploration shaft, located 
14 feet from OW111, was 1012.4 in December 1985. 
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TABLE A1 - SUMMARY OF BORING AND EXPLORATION SHAFT 
LOCATIONS AND ELEVATIONS 
Lower San Fernando Dam - California 

Number(1) Station Offset from 
Centerline, 

C101 16+45 68.8 s 
C102 16+50 54.0 N 
C103 9+40 132.0 s 
C104 9+40 73. 1 s 
C105 9+40 23.4 s 
C106 5+90 73. 1 s 
C107 16+45 23.4 s 
C108 12+85 132.0 s 
C109 12+85 73. 1 s 
C110 12+85 23.4 s 
C111 5+90 132.0 s 
C112 5+90 23.4 s 

S101 16+40 68.8 s 
S102 16+40 54.0 N 
S103 9+35 132.0 s 
S104 9+35 73.1 s 
S105 9+35 23.4 s 
s 111 5+85 132.0 s 

OW104 9+55 73. 1 s 
OW111 5+95 132.0 s 

U102 16+35 54.0 N 
U103 9+30 132.0 s 
U104 9+30 73. 1 s 
U105 9+30 23.4 s 
U111 5+80 132.0 s 
U111A 5+85 137.0 s 

ES111 5+85 120.0 s 

Note: 

(1) C - Cone penetration test sounding 
S - Split-spoon sample boring 

OW - Observation well 
U - Undisturbed sample boring 

ES - Exploration shaft 

Geotechnical Engineers Inc. 

Dam Ground 
ft Elevation 

(NGVD) 

1115.5 
1114.6 
1093.9 
1114.5 
1114.1 
1114.8 
1115.2 
1094.4 
1114.9 
1114.3 
109 5. 1 
1114.4 

1115.5 
1114.6 
1093.9 
1114.5 
1114.1 
1 09 5. 1 

1114.5 
1 09 5. 1 

1114.6 
1093.9 
1114.5 
1114.1 
1 09 5. 1 
1 09 5. 1 

1097.5 

Project 85669 
September 2, 1987 



TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE DATA 
Lower San Fernando Dam - California 

Boring Sample 
No. No. 

Ul02 UF-1 
UF-2 
UF-3 
UF-4 
UF-5 

Ul03 UF-1 

U104 

Ul05 

UF-2 
UF-3 
UF-4 
UF-5 

UF-1 
UF-2 
UF-3 
UF-4 
UF-5 
UF-6 
UF-7 
UF-8 
UF-9 
UF-10 
UF-11 
UF-12 
UF-13 
UF-14 

UF-1 
UF-2 
UF-3 
UF-4 
UF-5 
UF-6 
UF-7 
UF-8 
UF-9 

Elevation(!) 
Top of Sample 

ft 

1054.6 
1052.6 
1050.6 
1048.6 
1046.6 

1017.9 
1015.9 
1013.9 
1011.9 
1009.9 

1046.8 
1044.4 
1042.5 
1040.5 
1033.5 
1031.5 
1024.5 
1022.5 
1020.5 
1009.5 
1007.5 
1005.5 
1003.5 
1001.5 

1064.4 
1062.1 
1051.1 
1049.1 
1047.1 
1045.1 
1038.1 
1036.1 
1027.1 

Notes: See page 3 

Geotechnical Engineers Inc. 

Clearance(2) 
Ratio 

CR 
% 

0.549 
0.509 
0.169 
0.568 
0.494 

0.568 
1.219 
0.925 
0.941 
1.004 

0.596 
0.930 
0.642 
0.665 
0.766 
0.797 
0.660 
0.582 
0.741 
0.527 
0.288 
0.247 
0.743 
0.623 

0.187 
0.270 
0.700 
0.656 
0.522 
0.288 
0.224 
0.564 
0.594 

Penetration 
of Sampler 

p 

em 

61.5 
61.0 
60.3 
61.1 
60.3 

44.7 
36.9 
59.6 
60.1 
60.8 

61.3 
60.7 
60.7 
61.0 
60.2 
60.2 
55.8 
59.8 
55.8 
59.8 
43.4 
24.6 
57.6 
60.5 

61.7 
60.6 
60.5 
61.2 
60.6 
61.3 
62.4 
60.8 
59.6 

Page 1 of 3 

Gross 
Recovery 

R 
em 

61.2 
60.6 
59.5 
60.6 
59.9 

35.2 
36.1 
58.4 
59.5 
60.2 

60.7 
60.1 
59.6 
60.0 
57.4 
58.7 
53.4 
58.8 
55.7 
59.6 
41.2 
23.9 
56.0 
60.1 

60.8 
59.9 
59.7 
60.5 
59.9 
60.4 
62.1 
59.9 
58.4 

6V/v(3) 
During 

Sampling 
% 

0.60 
0.36 

-1.00 
0.31 
0.32 

-20.36 
0.23 

-o.11 
0.87 
1.01 

0.20 
0.36 

-o.55 
-o.33 
-3.18 
-o.93 
-3.13 
-0.53 

1.31 
0.71 

-4.74 
-2.42 
-1.33 

0.58 

-1.09 
-0.62 

0.06 
0.16 

-0.12 
-o.90 
-0.03 
-0.37 
-0.85 

Project 85669 
September 2, 1987 



TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE DATA 
Lower San Fernando Dam - California 

Boring Sample Elevation( I) Clearance(2) 
No. No. Top of Sample Ratio 

CR 
ft % 

0105 UF-10 1025.1 1.054 
UF-11 1022.1 0.196 
UF-12 1020.1 0.439 
UF-13 1018.1 0.564 
UF-14 1016.1 0.169 

U111 UF-1 1071.1 0.425 
UF-2 1069.1 0.330 
UF-3 1047.1 0.320 
UF-4 1045.1 0.459 
UF-5 1043.1 0.215 
UF-6 1041.1 0.215 
UF-7 1039.1 0.219 
UF-8 1037.1 0.329 
UF-9 1035.1 0.229 
UF-10 1033.1 0.293 
UF-11 1031.1 0.311 
UF-12 1029.1 0.215 
UF-13 1027.1 0.499 
UF-14 1025.1 0.518 
UF-15 1024.1 0.462 
UF-16 1022.1 1.286 
UF-17 1020.1 0.082 
UF-18 1018.1 0.408 
UF-19 1016.1 1.183 
UF-20 1014.1 0.160 
UF-21 1012.1 0.717 
UF-22 1010.1 0.504 
UF-23 1008.1 0.462 

U111A UF-1 1047.1 0.490 
UF-2 1045.1 0.444 
UF-3 1043.1 0.431 
UF-4 1041.1 0.541 
UF-5 1039.1 0.536 

Notes: See page 3 

Geotechnical Engineers Inc. 

Penetration 
of Sampler 

p 

em 

62.1 
59.6 
61.0 
60.9 
60.4 

60.8 
61.4 
63.1 
61.6 
60.6 
53.4 
34.4 
35.5 
60.6 
53.3 
50.2 
56.4 
42.3 
14.0 
52.4 
60.5 
51.0 
60.6 
61.3 
61.4 
60.5 
61.7 
53.5 

60.8 
59.8 
59.7 
60.2 
54.5 

Page 2 of 3 

Gross fj.V/v(3) 
Recovery During 

R Sampling 
em % 

60.8 -o.o2 
59.0 -o.62 
59.8 -1.10 
59.8 -o.70 
59.7 -o.82 

53.3 -11.59 
52.0 -14.75 
63.3 0.96 
60.1 -1.54 
59.8 -o.90 
50.3 -5.40 
32.5 -5.11 
35.2 -o.19 
59.2 -1.86 
51.2 -3.38 
48.9 -1.98 
54.2 -3.49 
41.3 -1.39 
13.6 -1.85 
51.8 -Q.13 
59.8 1.40 
50.0 -1.80 
60.1 -0.01 
60.3 0.71 
60.6 -o. 99 
59.2 -0.74 
61.0 -o.14 
53.0 -o.02 

61.1 1.48 
55.9 -5.69 
59.0 -o.32 
57.3 -3.78 
53.7 -0.41 

Project 85669 
September 2, 1987 



Boring Sample 

TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE DATA 
Lower San Fernando Dam - California 

Elevation(!) Clearance(2) Penetration Gross 

Page 3 of 3 

t:::.v/v(3) 
No. No. Top of Sample Ratio of Sampler Recovery During 

CR p R 
ft % em em 

UlllA UF-6 1037.1 0.508 58.9 57.9 
UF-7 1035.1 0.568 59.1 57.7 
UF-8 1033.1 0.559 40.0 38.5 
UF-9 1031.1 0.828 48.1 47.2 
UF-10 1029.1 0.855 59.6 58.5 
UF-11 1027.1 1.145 27.2 27.2 
UF-12 1025.1 1.116 24.7 24.1 
UF-13 1024.1 0.800 49.2 48.6 
UF-14 1022.1 0.91 60.0 59.2 
UF-15 1020.1 0.550 56.1 53.9 
UF-16 1018.1 1.186 60.2 59.7 
UF-17 1016.1 0.916 60.1 58.9 
UF-18 1014.1 1.005 60.4 59.5 
UF-19 1012.1 0.824 60.6 59.5 
UF-20 1010.1 0.620 59.3 58.4 
UF-21 1008.1 0.710 61.1 60.6 

Notes: 

(1) Elevation Datum is NGVD. 

(2) Clearance Ratio (CR) is defined as: 

CR = 
ID-CE 

CE X 100% 

Where: ID = inside diameter of sampling tube 
CE = diameter of cutting edge of sampling tube 

(3) Change in volume during sampling (6V/V) is computed as: 

6V/V = r,.-cR )2 
\ 100 

R 
X - -1 

p 
x 100 (in percent) 

Where: CR = clearance ratio of sample tube, defined above. 
R = gross recovery 
P = penetration length 

Positive values indicate sample expansion; negative values 
indicate sample compression. 

Sampling 
% 

-o.70 
-1.26 
-2 67 
-0.24 
-o.l6 

2.30 
-o.24 

0.37 
0.47 

-2.86 
1.54 

-o.l9 
0.50 

-o.l9 
-o.29 

0.60 

Geotechnical Engineers Inc. 
Project 85669 
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LOGGED BY J , I. hrlolne OAT£ tllt-Z0/8'\ PG. J OF 7 

S1 
12 
16 
14 
12 

24 19 

etendard 
rotarJ 
waeh llort11• 
techlltqvee 
wtth e 

Sl • SILTY SAND, vldely araded coarae to fine 1111nd, '2SS nonplAatlc 
fine•, 'ISS aravel up to !", brovn (SH) 

~ 

~ 

~ 4 
~ 

... 
~ 

~ 

- s 
I" 

~ 

~ 

~ 

.... ,_,, .. 
drlllln11 .... 

-~f---+--+--f Ct .. necl OVI 
borehole 
with e 4" 
fllhtetl 
lilt with .. ,...ct 
Jetttna. 

. 
-. 
----
• 
• 
. 
. 
-. 
. 
. 
-. 
. 
. . 
-
• 
• 
• 
• 

~ 6 
I" 

S2 
s 

14 
14 
16 

24 16 S~ - GKAVELLY SAND, vldely ar•d•d coar•• to fine aand, '2SS ar4vel up to -

~ 
~ 
1-

~ 7 
~ 

~ 
... .. 
~ 8 
~ 

~ 
~ 
~ 

1- 9 
~ 

I-
I-
1-
~ 10 
~ 

~ 

~ 

~ 

- 11 
1-
~ 

~ 

~ 

1- 12 
~ 

~ 

1-
~ 

11 

Sl 
6 

10 
14 
24 

24 21 

kDWt 'lll I .. ·140~ Ml1 '0 MUJNG •f TQ OMVI A I ,.,. "" 
SPUT WOO.. IAMI'UII 

~H • ~ H( TIIA nON U HG TH 0' SAMI'UII 011 COli( Ullll( 1. 
II(( • ll(coYP'f UNGYM Of SA.WU 
IIQO•UNOT'H 0' DINO ClDIID >•tN/UIIIifN COMO,% 
t • tl'liT tP'OC* lAIII\,( 
U • UIOIYUIIIOI IAMP\.D 

US • S..(LIY TUI( 
ur · rti[D "'"Dil 
UO·osnMP~ 

i GIIOUNOWAffll 

t•, 'ISS nonplaatlc flnea, sray and brovn (SW) • 

S) - SILTY SANJ), widely ~raded cnan• to fine und, "':lS1 nunpl~•tic 
flnea, 'lOS ~r•vel up to 112", brm1n and Kr•y (SH) 

NOTU 

1) CIC•und waL<•r lc-vrl s 110l I'C'Cordcd 
b.!caust: ocntont tc li t 1lllng tnud 
uaed In uorehole would produce 
inaccurutc reading• . 

RE- EVA I.IIAfiCIN or I'IIE SlIDE IN Tm: 
t.OW t:H SAN ~ t:HNANDO DAti 

0..,1 W::WWICAL &NGPf-INC 
........... ,_. -f'ft 

DATI. )/10/8b 
P'ltU:CT 8S669 

• . 
• -. 
. 
-. 
---. 
--. 
----. 
---. 
. 
. 
----. 
-



BORING LOCATION Sta 16•40 , 611.8'SGAOUND ELEVATION(NGVOl 1115 . 5 f t DATE STAAT /FINISH ~/ 19/§~ 0 / 20/8 S iOI 
INCUNATIOH Vert ical BEARING SA TOTAL DEPTH (FT.) __ -2.,5z... . ...l5----- OAiu.£0 BY_~F'-:.....:l.S!.:te~v.:.;•r:..:t:.a.,...:ll:::E:.::.S:..:IC:.:::O:.::,E __ _ 

CASING 10 Not und CORE SIZE NA GROUNDWATER EL. NRll DATE - LOGGED BY F' . R. hrktntOATE Q/ 19-20/ 85 PG. 2 Of 7 

EL 

FT. 

DEP'TH 5 AW P L E 

n . 

... 1! 

... 

... 

. 
f- 14 
~ 

~ 

~ 
f-
~ 15 
... 
-
-. 
- 16 

~ 

f

~ 

- 17 ----
- 18 . 
. 
--
- 19 

-
... 
... 
... 
.,. 2U 
• 

---
- 21 

-. 
--
-n 
-
• .. 
... 
- 23 
... ---
-24 

----
- 25 ---
• 26 

t---T"-...,..-T"_. 
TYPE BLOWS PEN REC 
a11f PER 
NQ 6 IN. IN. IN. 

$4 

ss 

56 

8 
9 
8 
8 

5 
5 
7 
9 

14 
19 
16 
20 

24 3 

24 14 

24 5 

R [WARMS 

III..O•S ~(· ' • t40l.8 tiAMitl(lt 'ALLING )()" TO Olltyt A l 0~ 00 N OT£5 
~ "'~' r SPOOOf SAWP\.(R 

P(lf•P(Iti(,..Anoll L(HGTW Of U MII'Uit Oil tOll( 841111(1.. 
II£C • lt(CO'vt"' L£HGTH 0 ' UMJIU: 
ltQO•LflfGTW Of ~0 COlla > a tN/ L£NOTM COII(O,,e 
S • SP'UT S"'ON SAW I'\.( 
U'IPOI T\JIIe[D UMI'\.D ' 

.; S • ~(LIT l\111( UO • 0(HISOII 
uF ·"ItO ~STOll ui'·~TCHVI 
uo· otTtltllM uo·u• 

i GIIOUIIOWAf[lt 

SOIL ~NO ROCK DESCRIPTIONS 

54 • SANDY CLAY, sl. plaatlc fines, ~zol fine sand, brown (CL) 
Sample contained a I'' piece of gravel jammed in shoe, 

55 - SANDY CLAY , el. to mod. plaetic finee, ~1 5l fine aand, brown (CL) 
Occ. pocket• of very dry gray clayey aand. 

56 - SAND, nil rro wly ~radell r,oed. to fln e sanu , ·.~\ nonplascic tLne !i, 
'1 ight brovn (SP) s .... ='"~ concaLn ed a I 1/ !:1" piec e ot ~ravel jam111e11 

n s hoe. 

See page 1. RE - EV ALUATION Of TliE SLIDE IN THE 
1 LOWER SAN fERNANDO DAM 

O WJI W::HHICAL a.t-IQIH ...... DC. 
~ ..... = _ ..... 04Tt J/ 10/86 

I'!IO.ItCT 8S669 

. 
• . 
. 
---------.. 
-. 
. 
. 
. 

---------.. 
--. 
. 
--

-------
-----
-------1 



BORING LOCAnoN su 16
•
40

• 68 -e'sGROUND ELEVAnON(NGVD) i11L2 u DATE START/FlNISH •o"'"' A12om SIOI 
INCUNAT10N Yerttcd BEARING HA TOTAL DEPTH (FT.) _ _:::e~S-:.::5~----- DRILLED BY r. Suvart I.'ES/COt 

CASING 10 !!as ynd CORE SIZE....::,:HA;:....._GROUNDWATER EL Hill> DATE - LOGGED BY J.a. rsr•'"' OAW/1'1-ZO/~S PG. 3 OF' 7 
[L SAM~l[ 

TY~f: BlOWS P£H REC 

REMUU 
I 

Ollf P[R 

"· NO. 6 IN. IN. IN. 

"' ttl 

~ 

~ 

~ 
1- 27 
~ 

I-

I-

t-
t- 28 

1-
~ 

~ 
1-
r- 29 
~ 

~ 
~ 
I-
I- 30 

----... 31 

~ 
~ 

~ 
I-
t- 32 -.. .. 

-
~ 
1- 33 
~ 

~ 
~ 
I-
t- 34 
1-

~ 

I-
I-
r- 35 
I-
I-
I-
I-
r- 36 --.. .. 
- 37 
I-

I-
1-

~ 

- 38 ---.. 
1Q 

56 

S7 

S8 

14-
19 
16 
20 

10 
12 
14 
20 

9 
15 
16 
17 

24 5 

24 15 

24 17 

IL.OWS I'( It t·'·o•O~ >IAMW(It 'ALUNO )()" TO OIIIY( A Z n .. ""' 
SI'UT $1'0011 UWPl[ll 

I'EN"I'[If(TIIAnON l[NQnl M S&WIIUII 011 COli[ l&llllfl 
A[C •lt(COV[IIT UNO TN 0' S&WPI.L 

IIOO·UNOnl "SOUND COIIO >•IN.IUNGTll COII[O, "• 
' I SI'UT SI'OOII SAM"-!: 
U • UHOII TUIII(D S&MI'LD 

US ·SHEllY TUB[ 
UF • "l[O I'ISTON 
uo·onV~KM 

i OIIOUNOWATt:ll 

U0'0[NISON 
UP• I'IT'CM[II 
\10"1[1 

NOTES , . 

SOIL AND ROCIC DESCRIPTIONS 

S6 - Sae previoua paR•• 

S7 ·SAND, narrowly graaed mea. to fine 1and, mo1tly med., )1 coarae 
sand, 81 nonplaatic finea, li~ht brovn (SP) 

S8 - SAND, narrowly ~raded med. co fine 1and, mo1tly !inc, ~101 non
plaatic finea, light brovn (SP-SH) Sample contained two thln Iandy 
aUt len•••· 

See Page 1. 
RE -EVALCA7IOS Of THE SLIDE IN THE 

~v"ER SA~ r~R~A~DO DAM 

OWJI *"'iUIICAL. &HQOlla&N: DfC.. 
~...... !All"-

OAT(. 3/10/86 
PltGI€CT 8 5 66 9 

I 

I 

. -. 
• . 
I 

-
• -
• 
-

--
-
~ . 
-

• 

----
--

I 

i 
l 
~ -
• 

-
• 
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--
• 

-
----
• 
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BORING LOCAnON Ste !6a40 6ft.D·s GROUND ELEVATlON(NGVDl 111U Ct DATE START/FINISH 9 09/AS /1tZO/IIS SIOI 
INCUNATlON Yertlc:el BEARING NA TOTAL DEPTH (FT.) _..;.85;..;•..;.s ______ DRILLED BY r • Stewart • WES/COE 

CASING ID 

EL OEPTM 

"· 
.. J 'I 

r-.. 
.. 
-40 .. 
.. 
--
-41 

--
--
-42 
--
~ 

~ 
... 43 
~ 

~ 
~ 

f
~44 

f-
f-

Spt uasd CORE SIZE NA 

SUIII'LE 

TYPE BLOWS PEH AEC 
11141 PEA 
NO. 6 IN. IN. IN. 

$9 

12 
1 7 
19 
22 

24 19 

GROUNDWATER El. t:R
1

) 

R EMAAKS 

59 

DATE--=..-- LOGGED BY J.B. Psrklnt DATE 909-20/8S PG. 4 OF 7 

SOIL ANO ROCK DESCRIPTIONS 

SAND, n~rrowly gr~ded fine sand, '101 nonplattic fine•, 
,15% med. tand, brown (SP-SH) Sample contained three chin 

leneee of sandy eilt. 

. 

. 

. 
-

• 

-
• . 
-. 
. 
. 
. 
-. 
. 
. 
• -
• . 
-
• 

1 
f-

f

~45 
Approxia~ate Interface - Rolled fill J .,._. ______ ---- ------------

---
f-

... 46 
r-
f-
f-
~ 

f--4 7 
f-

f-
f-
f

~48 

f-
f-
~ 
f
~49 

f-

~ 
f-
f-

-50 -
f-

--
-51 
---
- S2 

S10 

S11 

S12 

S13 

5 
15 24 20 
13 
12 

8 
6 

14 
20 

, 1 
15 
15 
14 

, 3 
10 
1 3 
14 

24 19 

24 19 

24 14 

I LOWS "(" ' ' 14 01..1 ~"til 'All•"G )() . TO 0"'11( A 2 OHI 00 
S"\.11 S•OOOo SA .. P\.( 11 

P( II • P( I;( Ttl A TlOH I..L lfCi nt 0' St.MIIU It Olt COl'( I All II( L 
lt(C • lt(COVtll'f I..LIIGf" M SoUI"Y 
IIOO ' lLIIOnt 0' SOLWO QJIIO >4111/UHGnl COittO , "Xo 
S • SI'UT s•oat~ SAWIIU 
u· UHOIITUIIIQ) ~0 

US • S"tLaT TUil 
U' ·'lito "'STOIII 
UO' OSTtMPe 

NOTES 

1 • 

510 

511-Top )": 

Next 5" : 

Nellt 3": 

Bot 8": 

512-Top 8" : 

Next 5": 

Bot 2": 

513-Top 5": 

Next 2" : 
Next 4" : 

See Page 1. 

Hydraulic fill ~ 

SAND, n~rrowly gr~ded Ne~. co fine aano, '101 nonp1~1tic 
finet, brown (SP-SH) S~mple contained three 1- co 
2"-thick layere of etracified eandy clay to aandy tilt. 

SA:oD, w.dely graded coarae to fine eand, <51 fine gravel, 
<5% nont•lutlc flnea, brown (SW) 
SANOY SILT, non to sl. plastic finee, '451 fine eand, 
stratified, dark ollve brown (HL) 
SILTY CL\Y, ~od. plaatic finee, <51 fine aand, etratified, 
dark oll ·•e brown (CL) 
SAND, naarowly graded ••d. to fine aand, '101 coaree eand, 

51 nonplaetic flnea, li~ht brown (SP) 

SILTY SAND, narrowly graded flne eand, '15% nonplastic 
flnee, stratified (SH) Top 1~ of section was orown and 
bottoa 1~ vaa gray, The above section• were aeparated by a 
1~"-thick layer of atratified aandy silt. 
SAND, narrowly 2raded med, to fine eand, <51 nonplaatic 
flnu, llgh t brown (S P) 
SANOY SILT, sl, plaatic, stratified (HL) 

SAND, narrowly ~r~ded fine ftand, '101 nonplastlc finee, 
'10l med. sand. olive ~ray (SP·SH) 

SlLrY Cl.AY .-no ::.ANUY SILT, atrac1fled (t;L-HL) 
SAND, VlOelV .. raden coaree to fine eand, <~~ nonpl.~atlc 
flnea, olive ~ray (SW) 

contLnueo on next page 

RE-EVALUATION Of THE SLI DE IN THE 
LOWER SAN fERNANDO DAH 

~ QWJI&:WHICA&.~N...,.GC-
'i--" ............... • • • -""- Ot.TC. )/10 / 86 

~CT 85669 
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BORING LOCATION 1
" 

1 6•1e0 68 1
'' GROUNO El£VA110N ( NGVD t 11 n $ rr DATE START /FlNISH "J!IA$ /qtzQIC SIOI 

INCUNA11QN Yart t cal BEARING IIA TO'Tal DEPnt (FT.) ---:8:.::5..;.. !!;;...._____ ORILL£0 BY r. s t awart , WES/COE 

CASING ID llot ll .. d CORE SIZE IIA GROUNrNIATER "''. Nil) 0 TE 5 o• 7 
SAMPLE R [MARKS 

TYPE 
IIIII 

,T. " · NQ 

513 

53 

54 514 

55 

56 515 

57 

58 516 

59 

60 S17 

61 

64 
519 

PER 
6 IN. 

13 
10 
13 
14 

8 
13 
12 
10 

2 
5 

12 
12 

6 
1 1 
16 
13 

10 

PElf ltEC 

IN. IN. 

24 14 

24 16 

24 16 

24 14 

7 24 20 
10 
14 

8 
8 24 

1 1 
18 

12 

ll.OWS P[ll 6 '1401...1 HoUollf(ll 'AlliNG :SO ' TO 0111\1! AI OIN 00 
SPliT S'OON SA"P\.[11 

P(N • P(OI(TIIAT10N l(NCn4 OF SA .. PUll 011 COli[ Ullllfl 
IIEC ·IIECOV£l'T UNC TN OF SA"PU 
IIOO'UHOnl OT SOUHO CQIIO >41N/UHOTN COII(O,% 
S • S"-JT SI'OOII SA"Pl( 
u· UHOIIT\IIIIED SA"PlD 

US • 5H(LIY TUI( 
Uf • rll[O PI STOll 
uo· OSTtiiiPI 

i lltOUNOWAT(II 

NOTES 

""" A LOGGED BY J. a Psrlllru OAmll'·l0/85 PG. r 

SOIL AND ROCIC OESCRIPTIONI 

S13-8ot J": SILTY SAND, narrowly ~raded fine aand, ~201 nonplaltlc 
flne1, atratified, olive •ray (SH) 

S14 SAND, narrowly •raded flne 1and, ~101 nonplaltlc fine1, 
'101 med. sand, olive brovn (SP-SH) Saaple contained a I~" 
thick layer of stratified ailty clay. 

S15-Top 10": SANDY SILT, al. plaetie flnu, ~ 351 fine sand, dark olive 
Rray (~II.) 

Bot 6": SAND, w~dely Rraded coarse to fine sand, ' 101 nonplaetic 
fines, ~101 gravel up to In", brown (SW-SK) 

516-Top 

Next 

Bot 

2"! 

4": 

8": 

SAND, widely graded eoaree to fine sand, ao1tly aed., ~ss 
nonplastic fines, brovn (SW) 
SILTY CLAY to SlLTY SAND. Top of eectLon coneieted of 
stratified silty clay with flne1 content deereaain& with 
depth to a allty flne eand containing"' 251 nonpllltlc 
finee, dArk olive Rray (CL-SH) 
SAND, narrowly Rraded aed. to fine sand, aostly fted., (51 
nonplaetic finea, ~101 coaree eand, light gray (SP) 

517-Top 3": SlLTY SAND, narrowly Rraded fine und, '151 nonplaltic 
fines, 101 aed. sand, olive Rray (SH) 

Next 4": SANDY CLAY, al. to 11od. plaetic flnee, '151 fine •and, 
stratifieo, dark olive Aray (CL) 

Bot 13": SILTY SAND, narrowly graded fine aand, 481 non to 11. 
pla1tic finaa, dark olive (SH) 

S19-Top 12": 

Next 1": 

Bot 5": 

See Pa~e 1. 

SILTY SAND, narrowly graded fine aand, ~151 nonpla1tic 
fines, dark olive (SH) 
SILTY CLAY, ~od. plaatic fine1, "'101 fine eand, stra
tified, dark olive {CL) 

Qll • I. 6. 1. 7. I.~ tl f 
SANDY SILT , al. plastic fines, ~401 fine eand, dark olive 
gray (HL) 
SILTY SAND, narrowly graded flne aand, ~35~ non to el, 
plaatic finea, ~101 med. sand, dark gray (SH) 

SILTY SAND, narrowly graded fine sand, ~201 nonplaatie 
fines , olive Rray (SH) Sample contained layer• of etra
tifled ellty clay up t .:- l in" thick. 
SAND, narrowly graded med. to fine sand, moatly med., <51 
nonplaetLc fines, light brown (SP) 
SILTY CLAY, mod. plastic fi~ea, ~1 01 fine eand, atra
tified, dark olive brown (C~) 

~E -EVA LUA itO:-< Or TI!E SLIDE IN THE 
LOWER SA·• tERNANDO DAM 

Oan'IIQINIJCA&. aHOIN&&M DfC. 
-.o-.•~· _,..... 

:> AT~ J/10/86 
,IIMCT 85669 



BORING LOCATION stt lflt40 60.1'S GROUND EL£VAT10N(NGVO) 1115.S ft DATE START/FINISH 9119/IJS /-9120/IS SIOI 
INCUNATlON yrrrtrel BEARING SA TOTAL DEPTH (FT.)_-~8~5.~5~---- DRILLED BY F'. Stewart, W£5/COE 

CASING 10 Not uatd CORE SIZE NA GROUNDWATER EL. !!Rl> DATE LOGGED BY a errktu OATt: Q112(ft5 PG. 6 OF 7 

EL DEPTH S&WPLE R [WARkS 

on• PER 
FT. "· NO. 6 IN. IN. IN. 

66 S20 

67 

68 
S21 

69 

S22 
70 

71 

72 
12) 

73 

124 
74 

75 

12.5 

76 

$26 

2 
5 
1 

10 

4 
6 
9 

11 

4 
1 

10 
ll 

1«)1 

yo 
1 
fn 

12 
111 
19 

I 
1 

10 
ll 

6 
6 
I 

12 

9 
10 
ll 
20 

24 19 

24 22 

24 24 

24 11 

24 14 

24 24 

24 

ILO~ 1'£111 ' •t40 Ll ~lllf• fAlU '<G )() ' TO 011111( At 0 
$1'\.IT SI'OOfl UWP\.(111 

l't:llt'l'f:N('INTION UlltGnl 01 SAMIIUJI 011 CCIII( lloMlL 
III(C • II£Covt:"' Ulltl TM 0' I&MIIU 
ltQO•UifOTM 01 toUIO CICNJ >4ta./~ CO'IC. 'l!o 
S • SI'UT S II'OC)tof IAMIIU 
U' UIIOII TVI!Im SAIIII'US 

US • IM(L.-r fUll 
u' · n•ro "'''011 
UO'OITtMIM 

uo. 00111011 
ul'•lllft:MOI 
'-" ' ICI 

NOTES 

S20 

SOIL ANO ROCK OESCRIPTIONI 

SILTY CLAY, mod. plaatic finea, ~101 fine aand, stra
tified, very dark olive brown (CL) Occ. irregular 
pocket• and len••• of silty fine aand. 

Qp • 1.3, 1.3, 1.~ taf, botto• to top 

521-Top 16" : SANDY SILT, sl. plaatic finea, ~4~1 fine sand, olive brown 
( S1'1-1'1L) 

8ot 6": SANDY CLAY, sl. to ~od. plaetic finn, ~201 fine sand, 
stratified, duk ol.lve brovn (CL) Occ. irregular 
pocket• and len••• of ailty fine aand. 

S22 

S23-Top 7": 

524 

525 

526-Top 6" : 

Next 12" : 

SANDY SILT, sl. plaatlc finea, ~301 fine sand, stratified, 
dark olive (1'1L) Occ. irregular pocket• and lenaea of 
aUty fine ~&nd. 

SANDY CLAY, ~od. plaetic finea, <~l fine aand, etratified, 
very dark brovn (CL) 

Sv • 0.~. 0.69 tef 
Qp - 1. 0' 1. 0 tlf 

SILTY CUY, mod. plutic finea, 
dark olive (CL) 

<51 fine eand, acratified, 

Qp- 2 . 1, 2.2, 2. 2 tlf 

Si•ilar to 524 (CL) 
Qp • 1.8, 2.2, 2.2 taf, botto• to top 

SILTY SAND, narrowly ~raded fine aand, ~2~1 nonplastic 
fines, olive brown (51'1) 
SILTY CLAY, mod. plaatic flnea, <~ I fine aand, atratLfied, 
dark olive brown (CL) 

Qp • 1.8 , 2.0. 2.1 taf 

I. See Page 1. 

RE-EVALUATION Of THE SLlDE IN THE 
LOWER SAN fERNANDO CAI'1 

OM>i &hNICA&. ~·-- DIG. 
•:a a •• _..._ 

OAT~ )/10/86 
~' 85669 
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BORING LOCATION 5" JA,,o u a•s GROUND El.EVATlON(NGVD) pu.2 ft DATE START/F1NISH !lnm /.uzo"" 
INCUNATlON vrruceJ BEAAING-IIN~o~o•--TOTal DEPTH (FT.) __ ,a,~5..:'a....----- DRIU£0 BY __ Lr....=s~·~CY!U'U';.L•...JHU':.:SS.IJ'mg;azr;._ __ 

SIOI 
CASING ID Npt yud CORE SIZE na GROUNDWATER EL. c;•l) DATE • LOGGED BY-t..• •srUD' DAlY: !11!-ZQm PG. 7 OF 7 

SUIItl.[ It [MUICS 

n "· 
'" 18 
1-
1-

'" 1- 79 
~ 
~ .. 
1-o 
~ 80 
f. 

'" 1-
1-

TYit[ 
Ill~ 
NO. 

SZ6 

U7 

Bl.OWS lt[H ltEC 
II' [It 
I IN. IH. IN. 

1- 81 

'" S28 ~ ) l 

'" f. 
... 
- 82 .. 
fo 
fo 
~ 

f-. 83 

'" 
'" 
'"' 
'" f-. 84 
i" 

1-.. 
fo 
1- 85 

'" 129 60 6 

'"' 
'"' f. 
1- 86 
~ 

1-

'" ... 
-87 
1-.. 
'" '" f-. 88 
1-

'" 1-
.... 
-89 

'" 
'"' '" 1-
f-. 90 
.... 
.... 

'"' 1-
91 

II.OWS '[II I ··140 ... ~lllfll 'AlLING :10·· TO DittY( A I OIN 00 
SPliT 5'0011 SAw P\. £" 

II'( If 'II'( II{ ntan011 l(IIGTH Of SAMI'\.J:II OA toll( l&lllt(L 
II(C • II[COII[II'r UIIG Til 0' SAMI'U 
IIOO ' I.LNGTH 0' SO\JfiO C0M:J >41N/I.LHGTN COII[O,% 
S • SlUT S'OOH StoMP\[ 
U • UIIOII TUIIICI SAWI'U:S. 

US • SHRIY TV II[ 
U'' ,IX(O I'ISTCIN 
UO'OST[MIM 

i II IIOUNOWAT[II 

NOTES 

1 . 

S28 

See Page 1. 

. 
---·.......: 

. 

SAND, narrowly gr~ded fine eand, ~sl nonplattic final, 
yellow-brown and ~ray (SP) 

Bottoe of Borehole - 85.5 ft 

RE-6VALUA7; CS Of Til E SLlDE [N THE 
LOWER SAN fERNANDO OAH 

0..,1 ...,..,.JCAL &HOlHUM DIC.. 
~ ..... = _ .... 

OATf. J /10/86 
I'IIW[CT 85669 
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BORING LOCATION $!:1 I haleP ~ 5/,Q ' H GROUND ELEVATION(NGVD'l&. -.....l'..~o.'.ul4t.a.'i-- DATE STAAT/FINISH 91!(,/D) /.211 zm SI02 
INCUNATIOH Yccrtql BE.ARJNG M TOTAL DEPTH (FT.)......;2:u61..JojQi.-------- DRILLED BY r. Stsvert: '.JES/CPE 

CASING 10 No t yud CORE SIZE NA GROUNDWATER EL. ;;al) DATE__.,___ LOGGED BY ' a ecrhtpt DATE 91!6-llf!l< PG. I OF 8 
EL. DEPTH 

FT. n 

1114.6 ~ u 

~ 

~ 

.. 
- 1 
• 
• 

-
~ 

f- 2 
~ 

f-
f-
f-
-3 .. 
1---
- 4 
f-
f-
f-
f-
f--5 
f-
1-

f-
f-

- 6 -.. 
~ 

~ 

f-. 7 
~ 

r-
f-
~ 

f--8 
f-
1-

... 
1-

f--9 
~ 

f-
f-
~ 

f-- 10 
f-
f-
f-
~ 

f-- 11 
~ 

~ 

f-
... 
.... 12 
f-

--
- 1 1 

SAWPLE 

TYPE ILOWS POt AEC 
ond PEA 
NO. 6 IN. IN. IN. 

51 

S2 

53 

15 
25 
21 
24 

i 
10 
13 
22 

8 

24 16 

24 17 

11 24 13 
32 
52 

R EMARICS 

llonhole 
ad.,anced 
ualns 
atenderd 
rotery 
veah borln1 
tschnlquee 
vtth e 
bentonite 
drllllns 
mud. 
Clsened out 
borehole 
W\ th 8 It " 

f lthtell 
bit vlth 
upverd 
Jet Una. 

I I.OWS P(A 6 '1 4 0 l.l ~Wilt II '"~l ~C )() TO OIIIY{ A l OIH 00 NOTES 
~I'\. I I SPO<»o U"PL ('I 

Sl -

SOIL AND ROCK OESCRIPTIONI 

SlLTY SAND, widely ~raded coarse to fine eand, moetly fine, '251 
nonplaetic finee, '101 ~ravel up to In", brown (SH) 

52 - SlLTY SAND, widely araded coarse to fine sand, ~ostly tine, '251 
nonplaetlc finee, '1 51 Rravel up to )/4", brown (SH) 

S) • S lLTY SAND, Wl de : y ~raded coarse t o fine sand, ~oetly f ine, ')01 
non to el. plast : : f1nee, ' 51 Rravel up to In", brown (SH) 

Pf:ll ' Pf:ll£ lll&nOII U IICint Olf SAMIIUII 011 COli( IAAII(I. 
II(( I II(C:OV("' UNGTH 0' SAMI'U 

1100' UNO nt Olf SOUIID COIIO > 4 Ill .I UNCJ1l4 COli (0. "• 
5 ' 5'UT 51'00N SAIIII I'l( 
u I UNO! I 1'\llllm SA Ml'lts 

1) Coundvate r l e ve l s not re co r ded 
bec au s e bentonite d r lllln~ mua 
used in bo r eho l e vould pr oduc e 
l nac cura t e r ead i ngs . 

RE-EVALUATION OF THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

vs I'"(...., TUII( 
Uf ' f ! X(O "Sf<* 
uo I OtTtiiMJII 

i OAOUNOWAT[II 

uo~ OtHISOfl 
u , • " 1"Ctt [II 
UIJ'I[! 

QWJI WC:WNICA&. a.QI .. ._ DtC.. :a ...... . ..... DAft J / 10 / 86 
~ 8S669 
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BORING LOCATION !tt 10.40 $1,0' 1 

INCUNAT10N Jcrrtcel BEARING lA 

CASING 10 Not uud CORE SIZE NA 

EL 

n: "· 
.. n 
.. 
~ .. 
1- 14 
~ 

~ 

~ 
1--
~ 15 
1-

~ 
~ 

~ 

~ 16 
~ 

~ 

1-

lo-
~ 17 .. 
1-
1-

1-

~ 1b 
1-
1-

~ 

~ 
~ 19 
~ 

~ 
~ 
~ 

~ 20 
~ 

~ 

~ .. 
... 21 
1-

~ 

~ 
lo-
~ 22 
~ 

~ 

lo-
~ 

~ 23 
~ .. 
~ 
~ 

~ 24 
I-

I-.. 
~ 

... 25 .. .. 
lo-

1- 7ft 

SAMitL£ 

TYitE IL"'#: lt£H "£C 
lllf P£" 
NO. I IN. IN. IN. 

54 

55 

56 .. 

10 
15 
14 
16 

8 
27 
33 
42 

8 
15 
22 
22 

24 8 

24 s 

24 9 

I 

GAOUND El.EVATIOH(NOVOJ,_._..jtlo.Al....:l':..·.a.•-- DAn: START/flNISH 9116"' /-cttpm SJQ2 
TOTAL DEPIH (FT.) __ _.9:_a6.w.o._ _____ ORIU£0 BY r. strut, W[S/COt 

GROUNDWATER El.. MU DATE - LOGGED BY 1 a Pcrktg• CATE CJ/16-17:}5 PG. 2 Of 8 

SOIL AND "0CK D£SCRIPTIONI 

S~- GRAVELLY SAND, widely graded coarae co fino aand, '201 •ravel up co 
3/4", '101 nonplaacie flne11, ~rdv 4nd brown (SW·SH) Bottom of 
aaaple contained 2" of fruhly broken arovel. 

SS • GRAVELLY SAND, wld•lY graded coarae to fine aand, ')01 sravel up to 
I 3/8", '101 nonplaetic fin .. , brown and ~ray (SW-SH) 

56 - GRAVELLY SAND , widely £raded coarft~ co flne ftand, '201 •ravel up to 
1 ~". '151 nonplastle fines, gray and brown (SM) 

II..OWS P[ll I •t40~ HAlol~ll '"lUIIG 5Cf TO 011111( A 2.0 .. 00 
SPliT SPOOIC SAWPl[ll 

P[N•P(IC('niAnON l[II~'04 M SAWI'UII 011 COM IMML 
R[t' ll[tOVUI'I UNCI TH O' SloMPU 

NOTES 

1. 

• 

ftOO•UifG'04 0' .._..0 CON:$ >•tN/UHGTM COII£0,% 
S • SPUT SPOOit SAM~[ 
U • 1.111011 T\IRIQ) SAloiPlO 

US • SH!LIY TV I[ u' • "X£0 PISTON 
vo·otTtAKM 

See Page 1. 

¢ 

RE-EVALUATION OF TilE SLiDE IN THE 
LOWER SAN FERNANDO DAH 

ORII WCNNICA&.o DI'Oitfll&M DC 
.........,...,... m :e.ne 

:!AT~ J/10/86 
PltO.'(CT 85669 
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BORING LOCAnON $te 16:40. 51oP'!! GROUND ELEVAnON (NGVD,_) _.:.11:.:1.;.4 :.:·6~- DATE START/FINISH 9/16/8~9/17/85 5102 
INCUNAnON Vsrtlul BENING "" 

CASING ID Not u .. d CORE SIZE "" 

TOTAL DEPTH (n:) --...l9~6.:.:. 0::,______ DR II I ED BY--.:.'.:.· ..:S;.:t.;.;•";.;•;.;.r.;.c .:.· _wE;.;S;.;./.;.CO.:.£;__ 

GROUNDWATER EL. NRl) DATE - LOGGED BY t 1. Perkin• OAlt: 9116-pm PG. 3 Of 8 
[L DEPTH SAWPL[ IUWARkS 

TYP[ ... ,_I POt ft£C 

'"' P[R n . NQ I IN. IN. IN. 

~ 26 

~ 

~ 

~ 

~ 27 

---
f. 
~ 28 
f-.. 
1-

~ 

- 29 
• . 
--
- 30 
f.
f. 
~ 

-
- 31 --
--
- 32 -. 
f. 
~ 

f.- 33 
1-

---
- 34 
-. 
--
f-. 35 
~ 

~ 

... 
~ 
~ 36 

----
- 37 

-
f.-
f.. 

f.-
f-. 38 
f.. 

f-.. 
- )Cj 

56 

57 

58 

8 
15 
22 
22 

9 

24 9 

1) 24 9 
20 
22 

8 
23 
)1 
25 

24 15 

llD•S ~(II I '1 40 1.1 IIAIUO(II IAlUIOG J0' 1'0 01'1\llAl 011&.00 
SP\.oT S~OOH SA.,P\.(11 

I'(II ' IJtN(TJI&nON l(N(Il'H 0' S.WI'UII 011 CQM IAAML 
II(C • II(COVVI\' I.LNGTH O' ~ 
IIOO ' I.LitOTH 0' !CUfO COI'O >4111./~ COMO, 'r. 
S • SI'UT SI'OO'I SAM 11\.1 
u· UNOIITUIIKD 1#.111'\.0 

us • SHfiAT rvec 
U' • "UO ~lTC* 
uo • OSTINOII 

NOTES 

1 . 

SOIL AND ROCk DUCR.,TIDNI 

56 - See previou• P•&•• 

57 - SILTY SAND, narrowly •raded fine 1and, '201 nonpla1tic fine1, '10S 
11ed. to coane •and, brovn (SH) Sa11ple contained one I" piece of 
Rravel. 

58 - GRAVELLY SAND, widely •raded coar1e to fine sand, '151 gravel up to 
1n", '101 nonpla1tic finee, Rray and brown (SW·SH) 

See Page I. 
RE-EVALUATION Of THE SLIDE IN THE 

LOWER SAN FERNANDO DAH 

081111 &..-..teA&. DIOINa.&N DIC. ::a···-· _.,.. OAytl/10/86 
I'II(WfCT 8 56 6 9 
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BORING LOCATION -~31.1"L..I.I161Lt*~"w.o~51trML:.0'L1 GROUND ELEVATlON(NOVD'L--..I.l.AJll~t...lol,6L- DATE START/FINISH 91!618~ /- 0 '1 7185 5102 
INCUNA110N Yertlc.t BEARING NA TOTAL DEPTH (FT.) '16 . 0 DRII I ED BY ____ .:,,.:.· .,:S::.,:t.:.":.:•:.:.r..:.t.r., ...;;•.:.U:.:I.:.C:.:Ol 1-------4 
CASING ID Not ynd CORE SIZE NA GROUNDWATER EL. DATE • LOGGED BY J . R. ru1o1"' DAmtt6-Ptes PG. 4 o, 8 
lL Dl"" SA .. ,Ll 1 IU .. ARkS 

~~-...--...,....... ..... 
TY'l lt.OWS 'l.H l'lC 

'". 'l" n: "· NQ I IN. IN. IN. 

1- 39 

.. 
I-

I-
1- 40 .. 
~ 

~ 
~ 
~ 41 
I-
I-

I-
I-

1- 42 
~o-

f-
I-

I-
~ 4) 
I-

I-
I-

I-

1- 44 
I-
I-
.... 
~ 
1- 45 
~ 

~ .. 
.. 
..,_ 46 
lo-

1-

I-
I-

I- 47 
f-

lo-

~ 
I-
I- 48 
1-
~ 

1-
~ 

1- 49 
.... 
~ 
~ 
~ 

~50 
I-
I-
I-

f-

I- 51 
I-
I-
I-

I- s 2 

510 

511 

512 

513 

514 

2 
5 
5 
6 

s 
1 1 
12 
14 

8 
6 

10 
11 

5 
9 

14 
13 

6 
9 

11 
13 

4 
4 
4 
7 

24 19 

24 19 

24 19 

24 22 

24 19 

24 21 

II.OWS '(II I · oeo~ IWIIII(II '&l UNO :ICf TO Oltlll[ A 2.01111.00 
SI'U T S'OOH S&IIP'\.(11 

~ll ' 'l"(TII&nON l(NCO'IW 01 UWI'\.(11 011 COli( ll&llllfl 
II(C • II(COVVff lLNGTN M SAIII'U 
IIQO •I.LJIQTH 01 ~0 COlla >eoN / lLHOTM COII[O, "Y. 
S • SI'UT S"DDM loUIIIU 
u · UIOITUIIID) I&WP'\.0 

US' SH(liT TUII( u, . "X[0 ""'* 
UO' OITUIPI 

i lltOUIIOWATtlt 

NOT[S 

1 • 

SOIL AND I'OCk D[SCRI,TIONI 

Approx1•ate Interface - Rolled Fill ----Hydraullc Flll 

59-Top ~": SILTY SAND, narrowly Araded fine •and, ~201 nonpl~•t1c 
fin•"• olive brown (SH) Gradual traneltion to next 
layer. 

Next 8" : SANDY SILT, el. plaet1c fin••· ,4~1 fine eand, olive 
brown (HL) 

Bot 6": SILTY CLAY, Nod. plaat1c finee, ~101 fine land, •tra
tified, dark olive (CL) 

S10-Top 4": 

Next 1'' : 

Bot 14": 

511-Top 6": 

Next 5" : 

Bot 7" : 

S12 

Sll 

S14-Top 7": 

Next 1 I" : 

Bot 3" : 

Se e Page 1. 

Sv • 0.66 tef 
Qp • 1. 2 taf 

SILTY CLAY, mod. plaatic fine•, ~ 1 01 fine •and, ltra
tified, olive brown (CL) 
SANU, widely •raded coar1e to fine 1ano, < ~1 nonpl••t~c 
flneA, brovn (SW) 
SANDY CLAY, 1L plaltic fine~, ~4~% f l ne sand, 11ottled 
black, brovn Mnd olive (CL) Portion• of s•~ple were dry 
and rando•ly •1xed by color and clay content. 

SANDY CLAY, 1L pla1tic fine1, ~ 3S1 fine .and , ~ott led 
black, olive and brown (CL) Portion• of sa•ple vere dry 
and rando11ly 11ixed by color and clay content. 
SILTY CLAY, mod. plaatic flnea, ~101 very f i ne aand, 
ltratifled, olive brown (CL) 

Sv • 0,46 t1f 
Qp • 0.8 tlf 

Sl•ilar to top 6" (CL) 

SANDY CLAY, 11. pl~•tic finea, ~ 201 f i ne •and, •ottled 
black brown and olive (CL) Sa•ple wa• rando•ly mixed by 
color and clay content. Sa•ple conta1ned pocket• of dry 
clay. 

SANDY CLAY, 11. pl••tic fine~ . ~01 fine •and, mottled 
black, brown and olive (CL) Sample wa• rando•ly mixed by 
color and clay content. Sa•ple contained pocket• of dry 
clay. 

SI LTY SAND, na rrowly ~raded f ine •and, , zsx ~onpl~atl c 
fi nn, li11,ht o li ve brown (SH) Occ. layen or s i lty clay 
up to 1/ 8'' t hick. 
SILTY CLAY. mod. pla1ti c finn, ~1 01 fine sand, scra
t ifled, o live brown (CL) Occ . irregular lense1 of si.lty 
fl ne •and , 
SILTY SAND. nar rowly ~traded fine aand, "' IS% nonpl.uuc 
f lnel , dark olive brown (SM) 

RE-~VA LUATION OF ( hE SL IDE IN TilE 
LOWER SAN FLRNANDO DAH 

0801 ..,.NICAI. DfQU!f&IM DIG. -cJI4..... _.,. OAT~ J/10/86 
PIIO.I[CT 8S669 
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BORING LOCATION Sta 16•~0. 5~'N L..--__;1;,;;1.;..14;.;.·.;..6_ DATE START/ANISH 9116185 /-9117185 GROUND ELEVATION tNGVOl 5102 
INCUNATION ~s:''''•l BEARING ,.~ TOTAL DEPTH (FT.) 

CASING 10 Not und CORE SIZE HA GROUNDWATER EL. NRl) 

96.0 DRILLED BY r. Stewart. :Jf:SICOt 

DATE LOGGED BY J • R · Perk t "1>AIDI 16-17185 PG. 5 Of 8 
EL DEPTH SAMPLE R EMARICS 

TYPE 
and 

FT. FT. NQ 

53 S15 

54 

55 
S1 

56 

57 

58 

59 

60 

62 

62 

63 

64 

"~ 

BLOWS PEN REC 
PER 
6 IN. IN IN. 

4 
4 24 24 
8 
8 

'1 
s 24 24 
6 
9 

3 
8 24 24 

10 
14 

8 
s 24 20 

10 
1) 

7 
12 24 21 1) 
12 

9 
9 

10 24 1 s 
10 

3 
3 24 24 
~ -
6 

II.O*S P[ll' • t40l8 "-'WW(IO '" ll•NG :10 T'O OIIIV( & 2 OtN 
SP\.1 T SPOON SAWP\.(11 

"('<'•£ .. (TliATl01< l[I<GI\4 OF SAWP\.(11 00! COO!( UAAh 
A(C • II(C0V(In' l.LNGTH OF SAitiPU 
IOQO · LLNGTl< 0' W\JIIO COI!D >4tN/L£1oGTH COII[O, "I'o 
S • SP\.tT SPOOII SAW I'\.[ 
U • UNOI I TVIII[D SAWP\.D 

US • SH[1.8T TUI( 
UF • ,,.(0 "I STOIC 
uo· OST(IIeCM 

i OI!OUIIOW&T'[It 

.JO • O[Nt S()Oj 
uP·~n:Htll 
uo·ert 

NOTES 

SOIL AND ROCK DESCRIPnONS 

SIS-top 5": SANOY Cl.AY, mod. plaatic: flnea "'20% fine aand, $tra
tified, olive brown (CL) Uec:. lenaea of ailty fine 
sand. 

Next 6": 

Next 11" : 

Bot 2 .. : 

SILTY SAND, nArrowly ~raded fine sand, "1.)0% nonplaati.c: 
fines, stratified, dark olive brown (SH) 
SILTY Cl.AY, mod. plaatlc finea, "'lOt fine sand, ~tra
tifled, olive brovn (CL) Section contained a 2"-thic:k 
layer of silty flne aand at ~iddle. 
SILTY SAND, narrowly graded fine aand, "'30% nonplaati.c: 
flnea, dark olive brovn (SH) 

S16-top 6": SANOY CLAY, mod. jll~atlC: flnea, "' l~t very fine sand, 
~tratifted, ollve brovn (CL) Sectlon c:ontalned one 
pocket of atltv f1ne sand. 

Next 

Bot 

~": SIL'rY SAND, narrowly graded fine sand, "')01 nonplaatic: 
fines, ~tratifled, ollve brovn (SH) 

)": SANOY CUY, nonplaatic: flnea, "'201 very flne aand, str-a
tlfled, olive brown (CL) 

S17-Top 10": SANOY CLAY, 111. to mod. plastic fines, "'20t very fine 
sand, stratified, olive nrown (CL) Oce. layers of silty 
fine sand up to ltz" thick. 

Next 11": SILTY SAND, n~rrowly ~uded fine sand, "'2St nonplutic 
fines, blackish •r~y (SH) 

Bot )": SILTY Cl.AY, rDOd. plaatie fines, "'lOt very fine sand, 

S18 Top 7 .. : 

Next 10": 

Bot 3 .. : 

S19-Top 4": 

Next 4": 

Bot I 3" : 

S20-Top )": 
Next I 18": 
Bot 12": 

S21 

atratlfled, blackiah gray (CL) 

SILTY SAND, narrowly ~raoed flne sand, "'201 nonplastic: 
fines, rlark olive brown (S~) 

SILTY CLAY, mod. plastic fines, "'101 very fine aand, 
stratified, dark olive brown (CL) 
SAND, narr-owly ~traded fine aand, "1.101 nonplaatic: flnes, 
olive brown (SP-SH) 

SANO~ SILT, ~1. plastic fines, "1.40% fine •~nd, dark 
oli.vt• ~ray (HL) 
SlLT\ CLAY, moo. j)lastlc finea, "'lOt fine sand, str-a
tifie~. dark ollve brown (CL) 
SAND, narrowly •r~ded med. to fine sand, "1.5% nonplastic: 
flnea . brown (SP) 

Sl~llar to botto~ 13" of Sl9 (SP) 
STRATIFIED SILTY Cl.AY (CL) 
SILTY SAND, narrowly graded fine ~and, "'15% nonplaatlc 
flnes, 101 med. eand, olive gray (SH) 

SI LTY SAND, narrowlv •raoed fine ~and, "1.1~ 1 nonplastic 
fines, dark olive ~ray 1SM) sa~pl e conta1ned three 
2"-thi.ck layer o r Jtratliled ulty clay . :.. .• yer s were 
located at the top, m1oole. and bottom aect1ona of 
sample. 

1. See Page 1. 
ilE-EVAl.t.:ATION OF' TilE SLIDE IN THE 

~C- ER SAN fERNANDO DAM 

oa:;; W:NMICAL &HOlH&&M DfC. .... . ..... O&Tt )( 10/86 
PIIQ.f(CT 85669 



~:....:.:~~~..!:...-GROUND EL£VAnON l NGVDl&.. __ ..,:1~1;.;14;.:.·.;.6 _ DATE START/FINISH ~tt~>IM /-'~11 71"5 s 102 
--&:a.-TOTAL DEPTH (FT. I 16 .o OAIU£0 BY r. Stewart •. •Es/COE 

GROUNDWATER EL. ... 1) DATE LOGGED BY J .IL PHk I"' DATE 'lf\fo-1 7185 PG. 6 OF 8 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

$~2 

4 
5 
5 
7 

) 

24 21 

S23 ~ 24 24 

S24 

S2S 

S26 

S27 

11 

5 
6 24 24 
9 
9 

2 
5 
7 

12 

2 
4 
7 
8 

WOR 
4"' 

1 
1" 

5 
7 

11 

24 24 

24 24 

24 24 

.. [MARKS 

tL.OWs PEII' ·••ou KA"~~~ ''LLtNG )()·To Olll\1( • 2 o.-. oo NOTES 
S'LI f SPOON $AWPL[II 

PEN · P[H(TIIAT10H L(HGTW 01 SAWI'UII 011 COM 141111[1. 
IIEC • II(COVEin' UNGTH O' SAIIIPU 1 • 
JIOO·UHG'O< 0' SOUNO CORD >•tH /U:NGfH CORED, "fo 
S ·SPLIT SPOON SAWPL( 
V' UNQIIJ\HII[O SAWPLD 

uS · SH[I.IIT TUI( uO· O[HISOH 
ur • fll(O PISTON VP'PIT'CHVI 
uO· OST[118(11Q VG'UI 

"¥ QIIOVHOWAT(II 

SOIL AND ROCk O[SCIUPTIONS 

521 .See prevl.oua paA•• 

522-Top 14": SILTY SAND, narrowLy ~raded fine aand, ,501 nonplaacic 
finet, dark olive •ray (SH-HL) 

Bot 7": S~DY CLAY, 11. plaat1c fine•, '401 fine und, atrat1fied, 
dark olive gray (CL) 

523-Top 8": S1\NDY SILT, 11l. plastic Hnet, '401 fLne aand, stratified, 
dark olive ~ray (ML) 

Bot 16": SILTY Cl..AY, mod. pLa1tl.c Hnet, ,101 fine sano, stra
tified, dark olive aray (CL) Occ. irregular pocket• ana 
lenaee of silty fine aand. 

Sv • ) 1 • 0 ts f 
Qp. 1.7, 1.8, 2.0 tlf 

524-Top 4": SANDY CLAY, el. plattl.c finea, '401 fine sand, dark olive 
gray (CL) 

Bot 20": SILTY SAND, narrowly araded fine sand, '201 nonplaatic 
finet, dark olive gray (SH) 

525-Top 4": 
Bot 20": 

526 

527 

See Pa~e 1. 

Similar to top 4'' of S24 (CL) 
SILTY CLAY, mod. plastic fine•, '101 fine sana, stra
tifled, very dark olive (CL) Occ. ~rregular pocket• and 
Lenaee of ailey fine aand. 

Sv • )1. 0 taf 
Qp • 1 • ~, I • 7, I • 5 t1 f 

SILTY CLAY, mod. plastic flnea, ,101 very fine aand, stra
tified, very dark olive (CL) 

Sv • 0.76, 0.86, 0.~0 taf 
Qp- 1.2, 1.2. 1.3 taf 

SANDY CLAY, al. to mod. plastic finee, '151 fine aand, 
stratified, dark ol~ve brown (CL) 

Sv • 0.54, 0.60, 0 . 70 tsf 
Qp • 0. 9. 1. 1 • 1. 1 t af 

RE-EVALL'·' ·· i0N Of TliE Si. IDE IN THE 
~OWER SAN FERNANDO DAM 

OaJI KHICICA&. &HOIH&&M OIC. 
~·~··-; _....,. 

OAT' ; !10 /86 
PIIQ.I(CT85669 

j . 



BORING LOCATION Sta 16·40, 5'4!'11 

INCUNATlON Vertical BEARING SA 

CASING ID l'ot uud CORE SIZE NA 

EL DEPTH 

FT FT. 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

SAMP LE 

TYPE BLOWS PEN AEC 
a"d PEA 
NO. 6 IN. IN. IN. 

S28 

S30 

WOR 

1 
T" 

6 
7 

10 

WOR 
)"" 

1 
T" 
5 
7 

10 

WOR 
7 
6 
9 

WOR 
6 

24 24 

24 24 

24 24 

S31 8 24 24 
10 

S32 

s 
7 
9 24 24 

11 

s 
6 
9 
9 

5 

24 24 

GROUNDEUVATlON(NGVD'L--~1~1~14~·~6-- DATE START/ANISH 911 6
'

85 /-
9117185 s I 0 2 

DRILLED BY r. Stev.rt. lo'tS/COE TOTAL DEPTH (FT.) --,..--~96::.:·~o ____ _ 

GROUNDWATER EL. HR 
1 
> LOGGED BY J.!! I Pl'fk I n• DATE 'HI f, - 17 1 A~ PG. 7 OF 8 

R EMAAKS 

S28 

S29 

S30 

S31 

S32 

533-Top 17": 

Bot 7": 

DATE 

SOIL AND ROCK DE SCRI PT IONS 

SILTY CLAY, mod. plastic 
tlfled, dark olive brown 

Sv • 0.81, 0.85, 0.93 
Qp • 1 • S , I • 3 , 1 • 3 

SILTY CLAY. mod. plastic 
tified, dark olive brown 

Sv • 0.85, 0.93, 0.93 
Qp - 1.4, 1.4, 1.4 

flnet, '101 fine ••nd, stra
(U) 
tsf, top to botto~ 
taf, top to bottom 

finea , '10l ver y fine sand, stra
(CL) 
t af 
tsf 

SI LTY CLAY, mod . plastic fines, ''Ol fine sand, stratified 
dark olive brown (Ct.) 

Sv • 0.92, 0.98, 1.0 taf, top to bottom 
Qp • 1.3, 1.4, 1.5 taf, top to boc to~ 

SANDY CLAY, mod. plastic fine1, '151 ver y fine tand, ttra
tlfled, dark olive brown (Ct.) 

SANDY CLA~· . sl. plastic Hnea, '20l very fine und, ~tra
tified, dark olive brown (Ct.) Sample containeo several 
len••• of lilty fine sand. Sample contained two 2''-thick 
layera of •ilty fine eand. 

SILTY SAND, narrowly ~raded fine sand,'35l non co sl. 
plat tic : 1ne1, dark olive Drown (SH) Section contained 
"everal stratdied ellty clay layers up to 11/t." thick. 
SILTY CLAY, mod. plaacic flnet , '10l fine sand, ttra
tlfled, dark olive brown (CL) 

S34-Top 8": Slmllar to bottom 7" of $3) (CL) 
___ ---- --~A;,rpproxlmate interrace - ilyd rau i 1c f i l_L __ --- _______ ] 

14 1.4 20 
1 s 
16 

&lOWS P(ll' · a•OUI """"(II 'Alll >jG }() TO Olllyt A l 01" 00 
~P\.1 r SPOON SA .. PL£11 

P('f. P(N(TJIAnO" l(HGTW 0' !AM~II Oil COli( 1&1111(1.. 
A£C · llfCOV(In I.("GTM 0' SAM~ 
IIQO ' I..[HGTW 0' $0\JHO COII£S )4111/l..(loOTM COII(O, 'Ye 
S • SP\.IT SPOON SAMP\.[ 
u· UHOISTIJIII£0 SAMII'\.D 

us I SM[LAT TUII[ 
V'' "X(O I'IST<I'I 
uo· OITliiiPO 

1 QIIOUNOWAT(II 

NOTES 

1. See Pa~e I. 

Q 

All UV I Ull' 
CC'nClnlll'ci ' :1 nl'~t .12l' 

RE-EVALUATION 0~ TilE SLIDE IN THE 
LOWER SAN ft:I\H.\NDO DAH 

08)1 W:IUIICAL ~OOta&M INC. 
c .... . .- ..... 

DATL 
Pllo.I(CT 

3/10/86 
85669 

I . 
I 



BORING LOCATION '" 16o!o0 '!,0 ' 1 SI02 
1Na.JNAT10N vcrrtrp! BEARING Nt 

GROUNDEUVAT10N(NGVD'~----~~~~~,,~6 

TOTAL DEPTH (FT.) __ ....,:91116..,nu.... _____ DRILLED BY __ ,.r_~sro.~•:liiMIA'"rr'-_.w""rs;a,t'~'.wn"'r __ 

DATE START/FINISH 91 w a5 

CASING ID •w ""d CORE SIZE-.~N~o~•-GROUNDWATER EL. ... u OATE LOGGED BY 1 1 Pr r k ! 01 DAm'' " -1 710) PG. 8 OF 8 
[I. 

,T 

DEPTH 

"· 

- 92 
• 
~ 

r
t-
- 93 
~ 

1-
1-
1-
~ 94 
~ 

1-
1-

t-

t-- 95 
1-

~ 

~ 

~ 

1-- 96 
I-
I-

t-
,.. 
~ 97 
1-
--
t-

~ 98 ,.. 
t-
1-
t-
~ 99 
I-
I-
1-
~ 

1-- 100 
t-

t-

t-
t-
1-- 101 
~ 

I-
t-
I-
I-- 102 
I-

t-
I-

t-
1-- 103 
~ 

f-

1-
~ 104 

SAWPL[ 

TYPE BLOWS P[N A£C 
onll P£11 
NO. 6 l'f IN IN. 

5 
14 

534 15 24 20 
16 

36 
90 24 20 so 
"f'1;'" 

It [MARkS 

ei..OwS •£•' · •• o Ut ~YIIIIfft 'ALLING )()'' ToOAIYt:&2.0IH oo NOTES 
SPLIT SPOON S&lo1Pl(ll 

SOli. AND ROCk DESCRIPTIONS 

534-Next 2" : SI LTY SAND, widely ~raded coarse co f lne sand, '201 non
plastic flnee, ~ 101 •ravel up co 'n", ol ive blue (SH) 

Bot 10" : CRAV~LLY SILTY SANU, widely Rraded coarse co fine eand, 
'201 Rravel up to 1'', '151 nonplaetlc f i nes, brownish 
b lack (SW-SH) 

535 GRAVELLY SAND, widely Rraded coarse to f ine sand , '401 
gravel up to I 1/8" , "\.101 nonplaatic fines, brown (SW·SH) 

Bottom of Boreho l e - 96. 0 ft 

ll'(tj • IO(N(TII&OOII l £ .. Gnt M S&lo1P\.LII OA COli( UAII(l 1. Se e Pa~te 1. 
•!C · •!~CV(In' l!~G'" OF S&W PU 
eQO·U.,Gnt 01 ~0 COlin >• •N / UHGTH COft[O, •t . 
S · SPLIT SPOON SAlol I'\.( 
v· UNOISTVII8(1) SAio1PLO ' 

.IS • S" H IY TVU 
~ F • FII(D PISTON 
~o· OST£118(110 

i GftOUtiOWAT[II 

UO · ()(II ISO.. 
uP · PITt H£11 
UG' t[ l 

RE - EVALUATION Of THt SLIDE IN THE 
LOWER SAN f ERSANDO DAM 

OWl W:HNICAL aHODf&&M DtC. 
~·,...I - 0 _,..,.. 

OATt. 3/10/86 
PIIO.I(c:T 8 5 6 6 9 

. 

-
• . 
• . 
-. . 
. 
. 
-. 
. 
. 
. 
-. 
. 
. 
. 
-
. 
. 
. -. 
. 
. 
. 
-

• . . 
. 
-. 
. 
. 
. 
-. 
. 
. 
• -. 
. 
• . 
-. 
. 
. 
. 
-----



BORING LOCATION Sta 9·15. !l2.0·s GROUND ELEVATlON(NGVD) _ __:.;IO:..;.'I.:.:l·:..:."-- DATE START/FlNISH 911 7/SS /-9118185 5103 
INCUNATlON Vertical BEARING~N•~_TOTAL DEPTH (FT.l ___ -.!.'1.:.:7.~0~---

CASING ID 'lnr uudCORE SIZE NA GROUNDWATER EL. <~~ll DATE -

DRILL£D BY r. Stewart 11£5/COE 

LOGGED BY r.R. r .. rkln• DAT£9117-1111115 PG. I OF 8 

EL DEPTH SAWPLE R EMARI<S 

TYPE BLOWS PEN REC 
SOIL AND ROCK DESCRIPTIONS 

ond PER 
FT FT. NO. 6 IN IN IN. 

I : 0-: J. \) v --
• 
~ 

~1 .. S1 

6 
9 

1 1 
12 

24 1 7 

lloreho le 
advanced 
Ulll\fl 

ttandard 
rotary 
w .. h bor t ns 
technique• 
with a 
bentonite 
dr lll ln lll 
mud. 

51-Top 1 .. : BituNLnoua PaveNent. 
SANOY CLAY, al. plastic finea, ~201 fine aand, brown (CL) 

I-

I-

-
- 2 
-
-
1-

~ 3 
I-
I-

I-
I

~ 4 
i-

1-
I-

I-

1-- s 
I-
I-

I-

I

~ 6 
1-
;... .. 
1-

~ 7 
I-

I-
1... 

I-
I-- 8 
1-
... 
I
I-

:- 9 
I-

I-

I-
I-

1-- 10 
I-

I-.. 
I-

--.-----1.._--1~-J Cleaned out 

S2 
2 
6 

10 
1 5 

24 21 

borehole 
wlth A 4u 

il •htall 
bit with 
1;pward 
Jettlnj!. • 

52 5illllar to 51 (CL) 

I-- 11 
I-

S3 
5 

1 1 
1 1 
10 

24 15 
53 -Top 4" r 

Bot 11" : 
Slmtlar to S1 (CL) 
SAND , narrowly graded med, to fine sand, ~101 eoarae aand 
and fine gravel, <S l nonplaatle finea, brown (SP) 

I-
I-

I-
~ 12 
i-

1-
I-

I-
1 3 

'!~:«s ~tg 6 · t • Out k.AWW[ct ,.., LING)() roc•'V{, 2 ... ,. 00 Sl'll T SPOO"' SA.,PUA ~ 
Pf"' " l't:lf( T!UnO"' \.(NG 04 0~ SAWI'U" Olt COlt( IAitll(l 
A(C • JII(C011Utr l('<GfH 0 ' SAWP~ 
AOO·UNGTH 0' 50\JNO COR£'$ ) 4 1N/~I;G"TH COII(D.% 
S • SP\.1 r S"OON $AMP\. f. 
u· V'IOISTU"ItD UWP\.D 

US • SH(llf TVIIf. J' • , 11(0 PISTON 
VO • OS f("I(IIO 

i O"OUNOWAT[" 

NOTES 

') Groundwater lev e l s not rec ordeo 
~ ecause bentonite drlllln~ mud 
us ed ln borehole would produce 
:naccurate rcadin~s. 

RE -EVALUATION Of THE SLIDE IN THE 
~OWER SAS fERNANDO DAM 

OWIWWICA&. .._._-DtC. 
• :e •• ,.. • a "'"" 

OATI. 3/10/86 
l'fiO.GT 85669 

• 
• 
• 
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-
• 
• 
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• 
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. 
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-
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---
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-. 
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BORING LOCAT10N St• '•l'. • 1~. o• !' 
INCUNAl10N Y.rttul BEARING NA 

CASING ID Not uud CORE SIZE NA 

GROUND ELEVAl10N( NOVD· ... •--_...ln...,twl_,t._ DATE START/FlNISH 9/11185 /- •mm S I Q:3 
TOTaL DEPTH (FT.) •z o DRILLED BY r. !tn•u. YWCO' 

GROUNDWATER El. NR
1 
> DATE • LOGGED BY J.lo rulr!ga DA'Tt: !117-111/11~ PO. 2 0, 8 

(L SAMPLE R EMARICS 

n: "· 

I-
I- 15 
1-

~ 

~ 

~ 

1- 16 .. 
~ 

I-

I-
1- 17 
I-

I-
I-
I-
1- 18 
~ 

I-
I-

~ 

1-- 19 
I-
I-.. 
"' 1- 20 

"' 
"' r-
"" 1- 21 
~ .. 
r-
r-
r-- 22 
~ 

~ 

1-
~ 

1-- 23 
~ 

1-
~ 

I-

I-- 24 
I-
I-

I-
I-

r-- 25 
I-
I-
1-

~ u. 

TYP£ I•'..OWS P£N REC 
IIIII PER 
NQ 'S IN. IN. IN. 

54 

55 

S6 

i 

6 
1 1 24 16 
15 
18 

14 
17 
10 
12 

10 
6 

12 
14 

24 18 

24 20 

I LOWS ~[II • 0 140 ~ KAMWII '"LU NG )() I TO OlltV( & I .OIN 00 
S~IT SPOOH SAM~[II 

~~~ o ~II('!MTION L[HGTW Of SAMI"'.£11 011 COM l&llltfl. 
IIEC 0 II[COV[IIT U:N"H OF SAMPU 
IIOOOUHOTW Of )()UjO (011[1 >4oN /UHOTN COII(O, "• 
S 0 SI'UT SI'OOit SAW~( 
u· UlfOISTUIIND uw~o· 

US 0 SN[I.IY TUI[ 
Uf 0 '11[0 "STON 
uo• OST[R8(11G 

i IIIOUIIOWAT(II 

NOTES 

1. 

54 

SOIL ANO ROCK DESCRIPTIONS 

SAND, narrowly &raded fine aand, ~ss nonplaatic finea, 
brovn (SP) 

Approximate Interface - Rolled Fill ------------------Hydraulic f'ill 

55-Top 8": SAND, narrowly Araded flne aand, '101 nonplaatic finea, 
olive brown (SM·SP) 

Next 8": SANDY SILT, non to al. plaatic finea, '1.4SI fine aand, olive 
brown (HL) 

Sot 2" t SAND, narrowly sraded 11ed. to fine und, 1101tly fine, <51 
nonplaatic fines, brown (SP) 

56-Top 6": 

Next 6": 

See Page 1; 

SAND, narrowly &raded 11ed. to fine aand, aoatly med. '1.101 
coarae eand and fine sravel, <Sl nonplaatic finea, brovn 
( SP) 
SILTY SAND TO SILTY CLAY, finea content 1ncreaaea with 
depth (SM to CL) 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN FERNANDO DAM 

DAT& J/10/86 
~ 85669 

. 
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-

• 

• 
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. 
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BORING LOCATION U• 9.U. m.o•s GROUND ELEVATION(NGVD) IMJ~t DATE START/fiNISH 9/17185 /-91111185 5103 
1NCUNATION V<!rtlul BEARING NA TO'TJlL DEPTH (FT.) 97.0 DRI' 1 ED BY __ _..;.,.;.· ..;S;.;t;;.•.;;;"•;.;r..;c-.. _w..;;.;s~/-CO;.;E-.._ 

CASING ID Not uud CORE SIZE NA GROUNDWATER EL. !!R
1 > DATE • LOGGED BY J~J 1 hrk tu DATE ClfJ 7-18/85 PO. 3 0' 8 

£L R [MARKS 

TY!tf aDWS P£H AEC 
SOIL ANO ROCK OUCIUPTIONS 

111• PEA 

"· ~0. 6 IN. IN. IN. 

~ lb 
~ 56 

10 
6 24 20 56-Bot 8": Sl•ilar to top 6" (SP) 

~ 

1-
~ 27 
~ 

1-
~ --28 

----
-29 . 
I

I-
- 30 
~ 
... -... 
-31 
--
~ 

I-

I-- 32 
1-

~ 

1-
... 
1- 33 
~ 

~ 
1-
r-
1- 34 --
~ 

1-

-35 
-
-
-
I-

S7 

58 

59 

510 

12 
14 

6 
11 
5 24 1.5 

13 

7 
11 
11 
1) 

7 
1 1 
14 
5 

4 
8 
9 

12 

WOR+H 
lZ 
l 

24 18 

24 18 

24 20 

I-- 36 
I-

511 .,. 24 
) 

8 

I-

!'" 

"" ..... 37 

"" ---
-38 S12 
--
I-

I- 39 

T" 
10 

7 
7 
7 
9 

24 13 

81.0WS Hll' I •• Oll MA"'II'l" '"I.LIWG )0 . TO OIIIVl A Z.OIN 00 
SPLt f SP .>CW S&"'P\.(11 

~(II 'I'(II(TII&now LO<Gil4 0' U.W"'..fll ()It COlt( IAIIII[I. 
II(C 'II[COVt!n' I.LWGTM O' SAW~ 

IIOO'LLNOTM 01 10CMO C0110 >• ttl/~ COII[O, "• 
S • SI1'UT S~ SAWP\.l 
u· UNOIST\1118[1) SAWP\.0 

us I SM[LIY T\11[ u' ·''lED "'''011 uO • OST[III(IIQ 

i lltOUIIOWAf(ll 

NOTES 

57 

58-Top 5": 

Next 7": 

Next 2 .. : 

Bot 5": 

59-Top 7": 

Next 4": 

Bot , .. : 

S I O·Top 3": 

Next 1 0": 

Bot 7": 

511-Top 
Next 

Next 

Bot 

S12-Top 

Bot 

8": 
) " : 

2": 

3" : 

3 .. : 

1 0" : 

1. See PaRe 1. 

SAND, narrowly •raded ••d• to flne eand, mo1tly med., 
~201 coarae aand and flne •ravel, <51 nonplaatic flne1, 

brovn (SP) 

SAND, narrowly ~raded fine aand, ~.51 nonplaatic fln••• 
b rovn ( S P) 
SAND, narrowly •raded ••d. to flne, raoatly med., ~101 
coarae aand, <.51 nonplaatic finea, brown (SP) 
SANOY SILT, al. plasclc fin••· ~401 fine aand, olive sray 
(HL) 
Sirailar to top .5" (SP) 

SAND, narrowly •raded ••d. to flne aand, moatly •ed. ~101 
coarae sand, <.51 nonplaatic flnea, brown (SP) 
SAND, narrowly •raded fine aand, ~101 med. aand, <.51 
nonplaatlc finea, brovn (SP) 
Similar to top 7" (SP) 

SILTY CLAY, al. to .ad. plaatlc finea, ~101 flne aand, 
stratified, olive (CL) 
SAND, widely •rad•coarae to fine 1and, ~101 fine &ravel, 
<51 nonplaatlc finea, brown (SW) 
SAND, narrowly graded mad. to fine aand, (.51 nonplaatic 
flne1, tan (SP) 

Waah 
SAND, widely •raded coarae to fine aand, aoatly aed., <.51 
nonplaatic finea, brovn (SW) 
SILTY SAND, narrowly sraded fine aand, ~201 nonplaatlc 
finea, stratified, olive brown (SH) 
SAND, narrowly sraded raed. to fine aand, moatly med., (51 
nonplaatlc finea, tan (SP) 

SAND, narrowly •raded ••d. to fine aand, ~101 coarae 
sand, <51 nonplaatic finea, light brown (SP) 
SAND, narrowly ~raded fine aand, ~201 nonplaatlc finee, 
olive ~ray (SH) 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN fERNANDO OAH 

DAT& J/10/86 
""081' 85669 

I 

I 

I 
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• 
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• 
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• 
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I 

I 
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-
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5103 BORING LOCATION ... s...,,..,, _..o...,, 11..1~--· o~o1 ';..w,Q ;,)' S GROUND EL!VATlON ( NOVO ,,_ _ __.1~.:;~0~9 ''"'·~• _ DATE STAAT /FINISH 9 I 1 7 I as /-" 17185 
. INCUNATlON Y•rttul BEARING 'lA TOTlL DEPTH (FT.) 117,0 DRILLED BY r. Stevart, W!:S(eot 

'--:~~A:S~IN~O~ID~N~g~t~y~•c~1~~C~O~R~E;S:I~ZE~=01~A~~G;R~OU~N~OW~AT~E~R~E=L~.='~=•=1 l::::~D~A~TE~::::~L~O~G~G~E:D~B~Y::J~.a~.=r~::•k:I:":'~D~A~TE~9=/ !:7:-~!8:/~8S~P~0~.~4~0~f~8~~ 
EL DEPT!t SAW,.LE I REMARkS 

i 
I 
I 

I 

I 

I 
I 

TY"E BLOWS PEN AEC 
lftf PEA ,: "· NO. 6 IN IN IN. 

J'J 
fo 

'" I-
f-
1- 40 .. .. .. 
I-
I- 41 
~ 

I-.. 
... 
- 42 

I 
~ 

~ .,_ 

1- 43 
I-

I-
~ .. 
1- 44 
... 
... .. .. 
1- 45 
1-
.. 
... .. 
- 46 

'" .. 
... 
1-

- 47 ... 
... .. .. 
1- 48 
I-.. 
~ 

... 
r- 49 
... 
~ 

... 
~ 

1-- 50 
1-
~ 

1-
~ 

1- 51 
I-
I-
~ 

.. 'i ? 

S1l 

S14 

S15 

S16 

S17 

S18 

S19 

s 
8 
7 
8 

6 
10 

8 
7 

4 
, 1 
10 
, 1 

9 
10 
10 
10 

6 
8 

1 1 
20 

11 
13 
1) 
15 

10 
, 1 
19 
19 

24 18 

24 20 

24 20 

24 20 

24 18 

24 22 

24 17 

ILDWS '[II 5 ·••OLI ""WIII(It 'ALLING so" TO OltiV( A 2 OIH 00 
SPLIT 5'0011 UWP\.[11 

l'fii"I'(N[TIIATlOII L[NGnt D' SAW PUll Oil COli( UJIII[L 
II(C • llfCO\I£JI't' UIIGTH 0' SAWPU 
IIOO"UHO'nt 01' SOU.O COIID >• 111 / UHGTM COit[O,.,.e 
S • SI'UT ,0011 SAMI'\.[ 
U' UNOIS 1'1.1118[0 SAWI'\.0 ' 

US ' SHELlY 1'\18[ 
Uf • "lED l'oSTOif 
UO' OSTERILIIO 

'fi1 OltOUNOWIH[It 

UO ' D[IIISON 
UP' 11'1lt:H[It 
UG' I[I 

NOTES 

S1l-Top 2": 

S14 

Next ~": 

Next )": 
Next 4": 
llot 4": 

S15-Top 1" : 

S16 

S17 

Next 3": 

Next 3": 

~ext 8": 
Next 2" : 
floc 2" : 

S18-Top 7": 

Next 7": 

Next 5" : 

Bot 3" : 

S19-Top 3" : 

Next 6" : 

See Page 1. 

SOIL AND ROCK OESCfU,.TIONS 

SAND, widely ~raded coarae to fine oand, '101 aravel up to 
In",'~' nonplastic fineo, olive brown (SW) 
SILTY SAND, narrowly •raded fine sand, '2~1 nonplaatic 
tinea, dctrk olive brown (SH) L.:lwer I" of section con
tained a layer of stratified oilty clay • 
Si11llar to cop 2" (SW) 
Si•ilar co SlLTY SANO above (SH) 
Si11ilar to top l" (SW) 

Four )"-thick layere of SILTY SAND araduaUy chanain& to 
SILTY CLAY. These four 3"-thick layers above are 
separated by three 2"-chick layers of SAND, Description• 
of each layer are ae followa: 
SILTY SANO, narrowly Rraded fine oand, ~251 nonplaatic 
finea, dark olive brown (SH) 
SILTY CLAY, sl. co mod, plaatic finea, ~IUS fine sand, 
stratifi~d. dark olive brown (CL) 
SAND, widely Rr•oed coarae to flne aand, '101 fine aravel, 
<51 ~onplaacic fl neo, olive brown ( SW) 

SAND, widely araded coarae to fine aand, '101 fine aravel, 
<51 nonplaotic flnea, brown (SW) 
SILTY SAND, narrowly graded fine sand, '251 nonplaatic 
fineo, dark olive ~ray 
SANDY StLT, sl. plaatic finea, '401 fine sand, stratified, 
dark olive black ( HL) 
Si11ilar to cop I'' (SW) 
Stratified SILTY SAND and SANOY SILT. 
SAND, narrowly Rraded •ed. co fine aand, 1101tly •ed., (51 
nonplastic fines, light brown ( SP) 

LAYERED: SILTY SAND and SANDY SILT: SILTY SAND, narrowly 
Kraded fine sand, '25% nonplaetic fineo, olive brown, 
layera up co l'' chick (SH) 
SANDY SILT, al. plaacic fineo, '401 fine aand, stratified 
dark olive brown, layers up co lfl" thick (HL) 
Sa11ple contained a ) '' -chick layer of widely graded coaroe 
co fine aand, located in m1ddle of saaple. 

SAND, narrowly graded fine oand, '151 11ed. oand, '51 
nonplaotic fineo, light brown (SP) Sa11ple concained two 
1"-chick layer• of stratified ailey clay, located at cop 
and bottom of sa11ple. Sa11ple alao contained one 1"-thick 
layer of sandy oilt, located at middle of sa•ple. 

SILTY SAND, narrowly Rraded fine oand, '1~1 nonplaatic 
fineo, brown (SH) Section contained one 1/8"-thick lenae 
of oilty clay. 
SAND, widely aradod coaroe to fine oand, mootly 11ed. to 
fine, <51 nonplaatic fines, brown (SW) 
SILTY SAND, narrowly graded fine oand, ~sos nonplaotic 
fineo, dark olive (SH) Lower 1" of section conaiated of 
stratified alley c l ay. 
SAND, narrowly Rraded med, to fine aand, <51 nonplaatic 
finea, brown (SP) 

SILTY SAND, narrowly graded flne -.oand, '301 non to ol. 
plaatic finea, dark olive ( SH} 
SAND, widely graded coarse co fine sand, <51 nonplaacic 
fineo, br own (SW) 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN fE RNANDO DAH 

OWl miCA&.. a:NOOI- DIG. 
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BORING LOCAnON Sta 9•lS, ll2.0'S GROUND ELEVATlON(NGVDl 1091.9 DATE START/F1NISH9117m /-9118/SS 5103 
INCUNATlON ycrpsel BEARING NA 

CASING 10 Mot uud CORE SIZE NA 

TOllU. DEPTH (FT.) ___ .......;9~7.:.;.0;._ ___ DRILLED BY r. Stevart. W[$/COE 

GROUNDWATER EL. NR 1) DATE LOGGED BY 7 B I Perk\ n• DATE PG. 5 OF 8 
EL DEPTH SAMPLE R ENAR~<S 

TYPE PEN REC 
111• PER "I NO, 6 IN. IN. IN. 

S19 

53 

54 S20 

55 

51J 
S22 

59 

60 52) 

61 

64 

10 
11 24 17 
19 
1CJ 

) 

20 
14 24 20 
9 

22 
18 24 20 
18 
1) 

12 
16 
16 24 21 
24 

1 7 
24 24 21 26 
~) 

81.0WS 1'[11 I '140\A KAVIol!ll 'AlUOjG )0 ' TO 011111( A 2 01111 
Sl'llf s•-:0111 s.uol'i.,£11 

Pf:ll I I'( II[ Tll.anot~~ Ut~~Gno 01 S£"1'1..1" 011 COli( IAIIIIEL 
"£t I 11£COVl"' UIIIOTN O' u .. I'I..L 
IIOO ' UNOTW 01 !OUNO COlla >••IIIUIIITM COII(O,,e 
S ' SIIUT SI'OOfl SlrYI'll 
u~ UNOIITVIII(O IAWI'\,0 

us I ~LI'f TVII( u, . ,11(0 ""011 
uo· OITlMVII 

uo·ov.11011 
UI''"T'CNUI 
UO ' I(I 

NOTES 

SO". AND ROCK DESCRIPTIONS 

• 
S19-Next 2": SANDY SILT, al. plaatlc finea, ~401 fine aand, atratified 

dark olive brovn (HL) 
Bot 6": SAND, widely ~raded coar•• to fine aand, <51 nonplaatic 

finea, brovn (SW) 

S20-Top 4": 

Next 2": 

Next 9": 

Next 3": 
Bot 2 II : 

SILTY SAND, narrowly •raded fine aand, ~20l nonplaatle 
finea, olive brown (SH) 
SANDY SILT, ll. plastic fines, ~40l fine aand, acre 
tifled, olive brovn (HL) 
SAND, widely ~raded coarae to fine aand, ~rot fine sravel, 
<51 nonplaatic fines, brovn (SW) 
Similar to top 4" (SH) 
Similar to SANOY SILT above (~L) 

SAND, widely •raded coarse to fine aand, ~51 nonplaetic 
finea, brown (SW) 
SAND, narrowly ~raded med. to fine aand, <51 nonplaatic 
flnea, brovn (SP) 
SILTY SAND, narrowly Rraded fine aand, ~25l nonplaatic 
fin~s, strMtitled, dark olive brown (SM) 
Slmllar to top J" (SW) 

S22·Top 15": SAND, widely ~raded coarse to fine aand, moatly •ed., ~sl 
fine •ravel, <51 nonplaattc fines, brovn (SW) 

Next 4": SILTY SAND, narrowly Rraded fine aand, ~401 non to al. 
plaatlc flnea, olive brown (SH) 

Bot l" 1 SILTY CLAY, mod. plaatlc finu, ~10l fine aand, etra.
tified, dark olive brown (CL) 

S23-Top 6 II : 

Ne'ltt 7" : 

Bot 8" : 

S25-Top )": 

Next 8": 

Bot 10": 

SAND, widely sraded coarae to fine aand, noetly med. to 
fine, brovn (SW) <51 nonplaatlc flnea, 
SAND, narrowly ~raded fine aand,~IOl nonplaatic fl. nee, 
olive ~ray ( S P-SH) 
SAND, widely ~raded coarae to fine aand, <Sl nonplutie 
finea, olive Kray (SW) 

SILTY SAND to SANDY SILT: SILTY SAND, narrowly sraded 
fine aand, ~201 nonplaatlc fine•, olive brovn (SH) 
Gradually chanA•• to SANOY SILT, sl. plastic flnes, ~Ol 
fine aand, stratified, olive brovn (HL) 
SAND, widely Rraded coarse co fine aand, <Sl nonplaatic 
finea, brovn (SW) 
SAND, narrowly Rraded fine aand, ~ss nonpla•tic finea, 
brown (SP) 

SAND, narrowly sraded fine aand, ~10l nonplutlc flnea, 
brown (SP-SH) 
SAND, widely Kraded coarae 
finea, brown (SW·SH) 

to fine aand, ~rot nonplaatte 

Similar to top J" (S P·SH) 

1. See Page 1. 
RE-EVALUATION Of THE SLIDE IN THE 

LOWER SAN fERNANDO DAH 

rl'\ ow_•_,.=, """'• 1 w • ..a. 'V .... _..,. OAT& J/10/86 
~ 85669 





BORING LOCATION su 9•lS. 1l2 .0'S GROUND ELEVAnON(NGVD''---_,j,j' o""'CJ""'l..,;lf~o- DATE START/FINISH 9 /1 7! 85 /-afl& I8S SI03 
INCUNAnON ycrpsel BEARING PIA TOTAL DEPTH (FT.) 97 .o DRILLED BY r. Stewut, \:ES/COE 

CASING ID Not uuct CORE SIZE PIA GROUNDWATER EL. NRl> DATE - LOGGED BY J.R . Pl!rkln• DATt:9117-lll i85 PG. 7 OF 8 

[L DEPTH 

FT. FT. 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

SAMPL[ 

TYP[ PEH R[C 
onlll P[R 
NO. I IN. IN. IN. 

532 

533 

534 

535 

6 
4 

10 
1 1 

8 
13 
16 
19 

10 
15 
, 7 
15 

8 
10 
15 
19 

6 

24 20 

24 , 7 

24 , 7 

24 17 

536 6 24 22 
9 

537 

, 1 

6 
6 
8 24 24 

11 

R [MARkS 
SOIL AND ROCK DUCRIPTIONS 

S32-Bot 8": SAND, widelv 1radea eoaree to fine aand, ~10% nonpLaatic 
finea, brown (SW-SH) 

S33 

S34 

535 

SAND, narrowLy 1raded med. to fine aand. ~ 1 01 no"plattic 
fLnea. brown(SP-SH) Sample contained a l-in. thick layer 
of atratified silty clay CCL) 

SAND, narrowly graded .fine aand, '10% nonplaatic tinea, 
brown (SP-SH) 

SILTY SAND, narrowly ~raded fine eand, '151 nonplaat1c 
fLnea, brown (SH) 

536-Top 9": SILTY SAND, narrowly graded fine sand, '151 nonplastlc 
finea, brown (SH) 

Next 5" : SILTY CLAY, !Dod. pl.utl.c Hnea, '101 fine aand, brown 
(CL) 

Qp • I , 3, I • 5 t If 
S • 0.80 taf 

Ne•t 6'': Similar to top 9'' (SM) 
Bot 2" : Similar :o SILTY CU.Y above (CL) 

537-Top 5" : 

Next 13": 

SILTY SANu. narrowly gr~oed flne aand, ~151 nonpLastic 
fin .. , bro\tn ( SM) 
SILTY CLAY, mod. plastic finet, '101 very tine aand, 
atratlfied, darK brown (~L) 

Qp- 2.2, 2. 1, 2.1 tlf 
Sv • >I.J tat 

Approximate Interface - Hydraulic fill 1-------·-- -----------~ 
89 

90 

91 

, , 
22 
, 7 
17 

Next 5" : 

Bot 2" : 

24 20 

538 

II.OWS "'£" , ... ,.0~ -""'·'"lU NG )() .• TO~ A z UIN.OOI HOTU 
S"'-lf S"OON SAMP\.[11 

"£11 ' 111:11(l!UT1011 UH;nt 0# SAM"-£11 ell' COM IAIIII(L 
llf:C•II(COYU\' U:NOTN 0' SAM'U 
"'O· U:NGnt 0# IOUNO COfiQ >4111/U:NOTM COIIlO,% 
S · PUT S~ lo\111"'-l 
U • UNO! I TUlliO) SAioii'US · 

US • SNEL.a'r TVI( u' • 'IXEO 'ISTI* 
. uo· otTIMIIIe 

i I_,.OWATtlt 

1. See Page 1. 

Alluvium 

SANDY SILT, sl. pLastlc finea, ~351 fine sand, bl~ck 
( HL) 
SILTY SAND, w1oely graoed coarae to fine aand, ~201 
nonplaatic finea, bLack ( SH) 

SILTY SAND, wldelv str~o ed coarse to f 1nc !1<4nd, . ~ ostl.y 
fine,' 2Sl nonpl.aatlc h nes, ol1ve 11nd bl .l c i< ( S:-1) 

~ £-EVALUATION Of Til E SLIDE lN THE 
LOWER SAN FERNANDO DAM 

~-·-DC. .... a -·• 

OAT£ )/10/86 
,IIQI(CT 85669 

-. 
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BORING LOCATION Ste ,. ]5, 1H ,o• s GROUND EL£VAT10N lNGVOI ___ ..;I~0.:,:91:,:·.;.' DATE START/FlNISH q/17f8S /- •118185 5103 
INCUNATlON VHt\SAI BEARING NA TOTAL DEPTH (FTI __ ~9.:.;7~· =.,o ___ _ 

~!) 
0 Rl LLEO BY __ :,.r ,:...::S~t :.;•v:.:•:..:r.:.t.:.· ..;II;.:E:..:S.:./ C.;;O:.:E;.... __ 

CASING 10 Nnt uud CORE SIZE "" GROUNDWATER El, DATE • LOGGED BY •,II. Perkln~ATE 4117-18/8~ PO, 8 Of 8 
EL i>EPTH 

FT. FT. 

~ l I 

~ 
~ 

t- 92 
1-

1-

1-

teo 
t- 9) 
... 
1-
1-
.... 
:-94 

~ 
~ 95 ---
f-

1-96 
f-

f-

f-
f-

~ 97 
r-

----
~ 

"' -... 
1-
f-
f-

1-
1-

f--
f-
f-----
1-
f-

1-

~ 

1-
1-

... 
1-

f--
r ... 
.... 
r 

SAWPLE 

TYPE BLOWS PEN AEC 
ontl PEA 
NO 6 IN IN. IN, 

S39 

4 
7 

11 24 22 
14 

R EWARICS 

8LCWS P£11 fi '••OUI KA .. Iol(ll 'AlliNG 30" TO 011111( A Z.OIN 00 N 0 T E S 
SPll r SPOON 5A"Pl[ll 

SOH. AND ROCK DESCRIPTIONS 

S39 - SILTY SAND, narrowly ~raded Ned. to fine sand, noetly fine, ~351 
non to sl. plaetlc fines, ollve end brown (S~) 

Bottom of Borehole - 97.0 ft 

P(N ' P(~TIIATION l t:Heifll ~ SA .. PUII 011 COli£ URII(l 1 a See Pa~e I. 
II(C ' II[COVEin' UNGTH 0' SA .. PU RE-EVALUATION Of THE SLIDE IN THE 

LOWER SAN fERNANDO DAM IIOO ' UNGTll Of SOUND COlla >4 1N /UNGTM CO"ED, -t. 
5 ' SPliT SPOON SA"I'l[ 
U' UN01SfUII8E0 5A .. PlD' 

ii S 'SH(liJY TUIJ[ 
JF , FtX[O I'ISTOH 
1.0 ' OST(IIB(M 

'¥ G"OUNOWAf[ll 

UD'O[NI!~ 
UP' I'I'TI:H[" 
IJG•O[ I 

o..,t mtCA&. &HODfa&M ac:. ........,...,_. ... _nw 
o•n. 3!10/86 
~c:T 85669 
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BORING LOCATION sse '~•15. n.t•s t;ROUNO ELEVAT10N(NGV0) __ ..:1.:.1 ,~,;;14;,:,·~~- DATE START/FlNISH 9/10/tiS /- 9112185 5104 
INCUNATlON ycrr tsel BEARING __.N_,. __ TOTAL. DEPTH (FT.) ' 17 o DRILLED BY f. Stevert . WES/COE 

CASING ID Not u .. d CORE SIZE 14A GROUNDWATER EL.._...;141l,;,.
1
_>_DATE - LOGGED BY J.ll. Perlttn• DAT£9110-12/tiS PG. I OF 9 

EL DEPTH 

FT. n . 

!11 ... ) f- v 

f-

f-

SAMPLE 

TYPE BLOWS PEN fiEC 
one PER 
NO 6 IN. IN I N. 

R EIWAAkS 

Borehu Ia 
:advanced 
ueln11 
atandard 
rotary 

SOIL AND AOCK DESCRIPTIONS 

• 
• 

• 
. f

f-..1 
~ 

51 
25 
27 
18 
18 

24 waeh bortn11 
t echnique• 
llllh • 

51 - SILTY SAND, widely Rraded eoaree to fine eand, moetly fine, ~301 
nonplaetie Hnee, ~101 gravel up to lfl" max., aubangular, brown (SH)-

~ 

~ -
- 2 .. -. 
. 
- 3 -
I"' 

I

I-

f-. 4 ----
- 5 
• 
• 

--
- 6 . 
-
I
I-

f-. 7 
f-

• 
--
- 8 ----
- 9 
-
--
I-
I-- 10 
I-

I-
~ 

bentonite 
drl!ltn11 
lllud. 

--lf----+--4--& Cleaned out 
borehole 
with e 4" 
fl•htall 
blt with 
upward 

52 
9 
9 

15 
22 

j e ttl n11 • 

24 19 52 • SILTY SAND, widely Rraded eoaree to fine 1and, ~oatly fine, ~301 
nonpla•t ie tinea, ~I 01 A ravel up to 3/4", eubangular, dark brovn 
(SM) 

• ----------. 
• 

• ------
• 
• -----
• 
• -
• . 
-------------. 
. 
-

1-

- 11 S3 
8 

14 
19 
28 

24 20 
S3 - SILTY SAND, widely sraded eoaree 

plaetie finee, ~151 Aravel up to 
brown (SH) 

to fine eand, ~301 elightly • 
lfl", eubrounded to aubangular, dark -----

- 12 ---
- 1) 

II.OWS 1'[11 I '140~ """WI' 'Alli NG )() 1'0 0111~ 4 Z OIN 00 
SI'\.IT SI'OON UWI'\.[11 

P(N'P(N[TIIAnON l("GT'H D' SAWI'\LII 011 COli( UAII(l 
II((· II(CO\IVI'I' UNG TH O' SAIIPU 
IIOO'UHOnt 01 !OUHO COII['S ) 4 1N /UHOnt (011(0 , "Y, 
S • SI'UT Sli'OOW SIIWI'\. ( 
u· UNOIITVIII[l) SAWI'\.0 

US • SH(liT TUI[ 
U' ·PliED "'STOll 
uO • OSTl...UO 

i lltOUNOWAT[II 

u D • DOll toll 
VI'' "'TtH[JI 
uo·u• 

NOTES 

1 ) Croundweter l evels not recorded 
because bentonite drllllng mud 
used in borehole vould produce 
Inaccurate readings. 

~£-£VALUATION OF TH£ SLID£ IN TH£ 
LOWER SAN FERNANDO DAH 

OWJI miCA&. a:HUiW-J, DIG. 
...... 2 _..,. 

OA~ 3/10/86 
-ocn 85669 

-------.. .. 



BORING LOCATION st • '~·1~. n. 1 's GROUND ELEVATION ( ---'ul...r..l!t:s,..o.o~.)_ DATE START/FINISH 9/10/8) /_, 9/lZ/DS SI04 
INCUNATION VH t1 ca I BEARING NA TOTAL DEPTH ( FT.l ___ ,;l;.,:l~7..:.. 0:,_ ___ DAIU£0 BY __ .:,'.:.· ,;S::,:t;.:•.:."•:.:r:.,:t._..,:W:,:f:;,;:S,:,:IC:;:O:,:;£:,....._ 

CASING 10 Not uud CORE Sl ZE NA GROUNDWATER EL. :u 1> DATE • LOGGED BY J. ~. hrk I ne DATE 7f 1 1'-12 I 05 PG. 2 OF 9 
EL DEPTH SAMPLE I R [MARKS 

FT. 

~ 

~ 

~ 

~ 

FT. 

IJ 

f- 14 
~ 

~ 

~ 
f-
f- 15 
f-
t-

t-
fro 

f- 16 
~ 

~ 

~ 

~ 

f- 17 
~ 

r-
~ 

~ 
~ 18 
fro 
fro 

t-

~ 
t- 19 
1-

~ 

~ 

fro 

f- 20 
fro 

fro 
t-
~ 

1- 2, 
~ 

t-
1-
I-
t- 22 
t-

t-

1-
~ 

f- 23 
r-
t-

r-
1-
1-- 24 
I-

t-
I-

I-
1- 25 
I-

t-
I-

I- 26 

TYPE SLOWS PEN REC 
on• PER 
~0. 6 IN. IN IN. 

S4 

S5 

S6 

6 
14 
1 7 
19 

1 1 
11 
16 
20 

4 
3 

14 
20 

24 

24 

24 

19 

17 

6 

II..OWS ,(_ • • 1401..8. KUIV(" r&LliHG !10 TO 0"111( A Z OIH 00 
SP\.IT SPOON SAVP\.EA 

P(H•P(Of[ni&TIOH \.fHGn. 0' S·"'P\.L- 0" CO"( IIA"II[L 
-(C • II[(OVf;JI't I.LHG TH 0' 5AVPI.£ 

"OO'I.LHGn. c;, !IOOHO CO"E'S >••" /I.LHGTH COII£0,~e 
S • SI'UT 5'0001 SAWP\.[ 
u· Ulj()tST\ItlltD SAWP\.D 

J$ · SHELBY TlJI[ 
.JF • "X[O PISTON 
UO' OS TEAB£110 

i G"OUtiDWAT(" 

U0'0(NISON 
uP·""ftH(" 
uo· Gl• 

NOTES 

1 . 

SOIL ANO ROCK DESCRIPTIONS 

S4 • SILTY SAND, widely graded coarse to fine eand, ~oetly med. to fine, 
"'301 •ll~htly plutic flnee, "'lOt. Rravel up to I .0", subrounded to 

subangular, ddrk brown (SH) 

SS • SlLTY'SAHD, widely Rraded coarae to fine aand, moatly aed. to fine, 
"'301 ellghtly plastic flnea, "-IOl Rravel up to lfl", subansular, top 
6" dark brown, bottoll II" brown (SM) 

S6 • SAND, narrowly Rraded ~ed. to fine aand, (51 nonplaetic 
subrounded to eubangular, light brown (SP) A l/4" piece 
~as wed~ed in sampler on top of sa~ple. 

fine a, 
of gravel 

See Page I. 
RE-EVALUATION OF THE SLIDE IN THE 

LOWER SAN FERNANDO DAH 

0801 a:::»>O1CA&. DfOIN-INC. 
~.-r.-· ·= =·-...,.. OATI. J/10/86 

~ 85669 
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BORING LOCATION :s., 9.3~ 7l.l'S GROUND ELEVATlON(NGVDl 1114.5 DATE START/FlNISH 91101115 ~/1Z/II5 5104 
INCUNATlON v.,rttcal BEARING 'lA TOTAL DEPTH (FT.) 117.0 DRILLED BY r. Stewart. II[ Sf CO! 

CASING 10 Not uud CORE SIZE NA GROUNDWATER EL. 

EL DEPTH 

• lo 

'" --
- 27 
--
-
f-
~ 28 
f-
f-

:-
f-

~ 29 
I-

I-
f-

1-

~ 30 
f-
f-
I-
f-
1-- ) 1 

f-

'" 
~ 

.. 
- 32 ,.. 
.. 
I
f-

1-- 33 
f-

1-
1-
-
- )4 

-
---
- 35 ----
- )6 

-
---
- )7 

-
I-

I
I-

I-- 38 
f-

1-

-
~ 10 

SAWPLE 

TYPE latn~s PEN AEC 
Oftcl PEA 
~0 6 IN IN. IN. 

Sb 

S7 

4 
) 24 6 

14 
20 

5 
8 

1 1 
14 

10 

24 12 

12 24 1 1 
1) 
1 7 

A EWARKS 

! LOws "l"' ·•• o ut "-'"Wl" " lLI NG lO TO 0111\ll a z 0 111 00 NOTES 
SPLI T SPOO" SAWI'L(II 

56 

57 

58-Top 8" : 

Bot 3" : 

PtN·'fN£TI'Iano " ll"Gn~ OlsawPUIIOII COlt( Ulllltl 1. See Pa<>e 1 . 
li(C ' II(COV("' l("GTH Of SAWI'I.f ., 
IIOO'L(NGT'H 0' SOUND COli~ )4 oN/ I.fNGT'H COII(D , "fe 
S ' SPLIT SPOON SAWP\.( 
U • UNOo STUIII(D SAWI'LD 

US' SH[LIY TV![ UD'O[Hitoll 
u f ' fliED 1'1\TON UI''I'IT'CM[JI 
UO • OST£111£JIO vo· 0[1 

i Olt<IUIIOWU[II 

DATE LOGGED BY •. R. Perk t ne DATE • 110-12/115 PG. 3 Of' 9 

SOIL AND ROCK DUCRIPTIONS 

SAND, narrowly ~raded mad. to fine aand, ~oatly ~ad., ~151 
coarae aand and flne ~ravel up to 'n", <31 nonplaatic 
flnea, subrounded to aubangular, li~ht tan (SP) 

SAND, widely Aradad coarae to flne sand, ~101 •ravel up to 
3/8", ( 31 nonplaatic: finu, subrounoed, brown (SW) 
SAND, widely graded coarse to fine sand, (51 nonplaatlc 
finea, sub&nRular, reddish brown \ SW) Sample contained 
two piecea of 1'' ~ravel. 

RE-EVALUATION Of THE SLIDE IN THE 
LCWER SAN FERNANDO DAH 

iiiQ •• ._. __ ... __ _ OATf. J/10/86 
~ 85669 
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BORING LOCATION 5tt 'l·l~ 1 ?J .I' s GROUND ELEVAnON ( NGVO''---__;'~I.~.:Ito:..,.""S DATE START/FINISH '1/10/85 /- '1/12185 5104 
INCUNAnON varttcal BEAAING--.""'--TOTAL DEPTH IFT.) ____ ..;l.!.1.:.:7.~0:.._ __ ORILL£0 BY r. St•"•rt liES/CO£ 

CASING 10 Hot u .. d CORE SIZE 'lA GROUNDWATER EL. "~•~> DATE LOGGED BY IS Prrkl?' OATE'I/10-12/8) PG. 4 OF 9 
EL DEPTH 

" 
~ ; '1 

~ 

I-

I-
1- 40 
I-

I-

I-

t 41 
~ 

~ 

~ 

~ 

f- 42 
1-

~ 

1-

~ 

f" 
r .. 
~ 
.... 45 
f-

• 

--
- 46 -
~ 

1--
.... 

- 47 
.... 

--.... 
f- 48 
~ 

~ 

~ 
f-

f- 49 
~ 

f-
f-

~ 

~so -
f-
.... 
... 
- 51 
.... 

-... 
f- S2 

SAWPL[ 

TYPE BLOWS PEto~ REC 
and PER 

1 
I 

NO. 6 IN. IN IN. 

'ir--+---+-+--1 

SCI 

: I 
I 

' I 

510 

511 

3 
6 
5 
6 

1 1 

24 

10 24 20 
10 
16 

5 
9 
9 
7 

24 15 

R EWAAICS 

I LOWS P(lt • 'I.OUI """'lllf.ll 'ALLING ~ .. TO 0111~ A Z.OIN 00 HOT ES 
SPLIT SPOOif SAMPL£11 

I'(N'I'(o,(.,.,.&TlON L(NGnf Of S&MPI..LII M CMr UIIII(L 

59-Top ) " : 

SOIL AND ROCK DESCRIPTIONS 

SILTY CLAY, mod. 
dark ~ray (CL) 
to '14" thick. 

plaatie finea, ~101 fine sand, l~•inated, 
Occ. lrreKul~r l~yers ot silty flne aand 

Approximate Interface - Rolled Fill ---
sq-Mext 8": 

Next It": 
~ext to": 
~Ot ~": 

Hydrau lie fill 

SILTY SAND, narrowly 8raded fine .ta11d, ~JUS nonplaatic: 
tinea, laNinated dark brovniah Kray (SH) 
Similar to top 3'' 
SiNilar to SILTY SAND above (SH) 
(Top )") SANDY SILT, •lightly plaatle flnu, ~35\ fine 
s~nd, dark ~ray (ML) 
( llotto111 i") SILTY CLAY, n~od. plastic finu, (5% ftne und, 
laN1nated, dark ~r~y (CL) 

S 1 0-Top 5": SAND, narrowly graded •ed, to fine aand, ~I 01 nonplaatic: 
finea, dark olive Rray (SP) 

Next 9": (Top 2") SANDY SlLT, sl. plaatlc: flnee, ~40\ very fine 
sand, dark olive gray(HL) 
(Hlddh 6") SILTY SAND, narrowly graded fine sand, "'20\ 
nonplaet1e finee, dark olive ~ray (SH) 
{BottOII I") SILTY CL.AY, mod. plastic ttnee, <~l fine aand, 
dark olive Rray (CL) 

Bot 6": SiNllar to top ~" (SP) 

Sl1-Top ~": SILTY SAND, narrowly graded fine aand, ~201 nonplaatic 
finea, dMrk olive gray (SH) 

~ext 7" : SAND, widely graded coarse to fine sand, <5% nonplaatic: 
fines, dark olive Rray ( SW} 

Bot 3" : SANDY CLAY, sl. plastic: finee, ~30% fine und, dark olive 
~ray (CL) 

A(C • II(COV(Jn' UNGTH Of SAMPU 1. See page 1 . RE-EVALUATION OF THE SLIDE IN THE 
LOWER SAN fERNANDO DAH IIOO'UNIOTW Of SOUHO c:Mn >•IN /UNOTH COII£0, 'Y• 

S • S'l.IT SPOO!f SAM Pl.[ 
u· UNOISTUA8(0 S&VPI.D 

J S • SH(LIIT TUB( 
U F • fiX£0 PISTON 
uo • OST(IIKRG 

'¥ IIIOUifOWAT(II 

uO·O(NI~ 
uP·PITtH£11 
UG' G(l 

oaua &HifiCAI. &NODf..,.. DfC.. 
-..::>ee,._ • m oa .. ,.,.. 

08~ J/10/86 
PIIOI(ef 85669 

. 

. 

. 

. 

. 
• . 
. -. . 
. 
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-
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-. 
. 
. 
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-

• . . 
. 
-
• . 
. 
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-
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. 
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BORING LOCATION St• 9•15 7l.l•s GROUND ELEVAT10N(NGVDlL. --~11:.:.1~4.:.::.5_ DATE START/FlNISH 9110/IIS /- 9112185 SI04 
INCUNAT10N V.rtlcal BEARING NA TOTAL DEPTH (FT.) 117.0 DRILLED BY r. suvert, IIU/COE 

CASING ID Not u•"'' CORE SIZE 'lA GROUNDWATER EL. NS 11 DATE LOGGED BY J.k. l'erktn• DATE 'l/l0-ll/b5 PG. 5 OF 9 
EL. DEPTH SUIPL.E R EMAAICS 

TYPE BL.OWS PEN REC 
and PER 

f'T. n. NO. 6 IN. IN. IN. 

... )<! 

.. 
--
-53 ---
r-
~54 
f. 
f-

f-
f-

.... 55 .. 

.. 
r-
f-

.... 56 

----
-57 --
--
-58 --
f-

f-
f-- 59 
f-

f-

f-
f-
..... 60 
f-
f-
f-
f-

- b1 
.... .. 
... .. 
-62 
-
--... 
-63 
... 
f-

f. 
f-

f-. 64 
f-

f. 
f-

f- 65 

4 
512 9 

S13 

14 
16 

2 
1U 
10 
11 

24 17 

24 24 

II.OWS ~[II 6 '140~ "'"lltltll '&U.IIIG )() TO 0~ & Z 011100 
SPI.tT S~OOOI S&WI'\.[11 

I'( II ' I'(II[TII&llOoo ~[.,GO. M $&11PI.LII 011 COli( 1&1111[ ~ 
II[C • II[COV["' U:NGTH 0~ S&MPU: 
IIOO'U:HGTH fY ~D COitn >4tN/U:IIOTM COII(O.'Ye 
S • SPI.tT S~OOII lAIII PI.( 

U' UOOOltTUIII(J) IAIIPI.O 

US • SH[~IY T\11( 
U' • "UD "'SfDN uo· Olfllllllll 

i IIIOUtiOWATU 

NOTES 
, .. 

SOil. AND ROCK DESCRIPTIONS 

512-Top 6": SILTY SAND, narrowly ~raded flne ~&nd, "'201 nonplaatic 
fines, dark olive brown (SM) 

Bot 11'': SAND, widely graded coarse ~o fine sand, <51 nonplaetlc 
fines, subangular, ll~ht olive brovn (SW) 

S13-Top 7 II : 

Next 12": 

Bot 5": 

See Pa~e 1. 

SILTY CLAY, ~od. plaetlc fines, (~1 fine sand, blackleh 
brown, lamlna~ed (CL) 
SILTY SAND, narrowly ~raded fine eand, "'201 nonplaatic 
flnea, fine con~ent deere•••• wlth depth, blackish brown 
(SH to SP) 
Similar to top 7'' (CL) 

RE-EVALUATION Of THE SliDE IN THE 
LOW ER SAN fERNANDO OAH 

OWIW:WICAL&Jr:l. Ole. 
~ • .._ • . . , 7 .,.,.. 

oan 3/10/86 
II'I'OoiRT 8S669 
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BORING LOCATION H• "->~ 7l !• $ GROUND ELEVATION (NGVD) 111 U DATE START/FINISH 9tlom 5104 
INCUNAnON v .. rttsel BEARING NA TOTAL DEPTH (FT.) •p.o DRILLED BY f'. Ste••ert. lltstcot 

CASING ID Not ue•d CORE SIZE >~A GROUNDWATER EL. >~Rl) DATE - LOGGED BY J.R. Perkin• DATE '1110-121115 PO. 6 OF 9 
[L DEPTH SAWPL£ R [ MA RIC S 

TYPE: BLOWS PE~ AEC 
Ollf P£ It 

n NO 6 IN. IN IN 

.. 
~ 

0) 

~ 67 
... 
... 
... 
... 
f- 68 
~ 

~ 
~ 
~ 

f- 69 
~ 
~ 

~ 

~ 

I- 70 
~ 

~ 

1-
~ 

._ 71 

... 

... 
I-
f- 72 
I-

I-
1-
~ 

I- 73 -
• 
1-
~ 

1-- 74 
~ 

1-
i-
... 
f- 75 
... 
~ 

~ 

.... 
I- 76 
----
- 77 ----

$14 

S15 

S16 

2 
~ 
8 
8 

24 22 

4 
7 
7 

10 

7 
6 

24 

9 24 
14 

24 

19 

81.0~ ~til 6 ·••O~ """10(11 "Llo"G )() . TO 01111;'( A 2 OIH 00 
SP\.IT SPOOO< SAWP\.[11 

~~~·~Oj(TIUTIO" l("Gnt 0# SAWPUII 011 COli( Ullll(l 
•tc •JI(COVVI'f UHGTM 0' SAWPU 

otOO•Ufi!#TM 01 ~0 COlla ) • '" /UHGTH COII(O, ~. 
S • SJIUT SPOOOf SAWP\.( 
v· U"OOSTUflllO SAWPLD 

J S · SH(LIY TUI( 
J< • <••tO I'ISTOO< 
JO" OST(AILIIO 

'¥ GltOUIIOWIT£1t 

II 0 • OOU SOli 
UP· PI ftH[It 
UG"G[I 

S14 

S15·Top 6": 

Next 12": 

Bot 6": 

S16-Top 2": 

Next 4": 

Next 7": 

Next 4": 

Bot 2": 

NOTES 

1. See Page 1. 

SOIL ANO ROCK DESCRIPTIONS 

. 

SANOY CLAY, mod. plaetlc flnee, ~20~ very fine eand, la•l· 
nated, very dark brown (CL) Sa11ple contained two I" · 
layera ot silty fine aand located Mt the middle and top of -
sa11ple. · 

Qp • 1.3, 1.~. 1.8 taf 
Sv • 0.86, 0.90 tsf 

SILTY CLAY, mod, plastic fine1, ~10~ very fine aand, la11i• 
nated, very dark olive brown (C L) 

Qp • I. 50, I ,60 tsf 
Sv • 0,9), 0.95 tsf 

SILTY SAND, narrowly Rraded fine eand, ~151 nonplaetic 
finee, very dark olive brown (SH) 
SIL'fY CLAY, mod. plaetic finee, ~10~ very fine und, la11i• 
nated, v~ry dark olive brown (CL) Occ. lenses of silty 
fine eand. 

Qp - 1. ~0 tlf 
Sv • 0.92 tlf 

SILTY SAND, narrowly graded fine eand, ~20~ nonplaltic 
fine•, very dark olive brown (SH) 
SILTY CLAY, mod. plastic finee, <~~fine eand, laminated, 
very dark olive brown (CL) 
SILTY SAND, narrowly graded fine sand, ~30l non to al. 
plaetic fines, very dark olive brown (SM) 
Similar to SILTY CLAY above (CL) 

Qp • 2.0 tsf 
s - )1.0 t:tf 

Simllar to top 2" (SH) 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN FERNANDO DAM 

0801 LHMICAL DfO~ DIG. 
..........o-e•~· = o -nw 

OAT& )/ 10/86 
P~CT 8~669 
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BORING LOCATION Sta 9• lS, 

INCUNATlON vcrtlcel BEARING 

7l . 1' s GROUND EL£VAT10N (NGVOL) ---~~1 1!.:4:....S~ DATE START/FlNISH 9/IO/ !IS 5104 
~lA TOTAL DEPTH (FT.) 117 .o DRILLED BY r · St.,.art, 

CASING 10 'lnt yudCORE SIZE NA GROUNDWATER EL. Nlll ) DATE LOGGED BY J.R. Perllln• DATt: 9110- 121~ PG. 7 OF 9 
EL DEPTH 

"· 
~ 78 
.. 
--
- 79 ---
f-
~ 80 
f-
~ 

~ 

~ 

f- 81 
f-

~ 

I-

f-

i- 82 -,.. 
... 
-
- 83 .. 
---
- 84 --
~ 
~ 

~ 85 
f-

~ 
I-
I-

1-- 86 
I-

f-
~ 

I-

I- 87 
~ 

~ 

f. 
I-

I- 88 
~ 

,.. 
,.. 
... 
-89 ... 
f-
1-

f. 
1- 90 
f-
1-

SAWPLE 

TYPE BLOWS PEN AEC 
DIICI PEA 
NO. 6 IN. IN. IN. 

S17 

$18 

5 
19 
2 1 
20 

11 
18 
17 
15 

24 17 

24 19 

f- S19 

4 
6 

11 
I 7 

24 24 

A EMAAICS 

8\.0WS 1'(11' ·••OUI HloWV(II '"LLI HO JO ' TOOIIIIIlAIOIN 00 NOTES 
\I'Ll T SI'OON SAWI'L[ II 

S17-Top 7" : 

Bot 10": 

SOIL AND AOCIC DESCRIPTIONS 

SILTY CLAY, ~od. plastic flnea, <5t very fine sand, lami
nated, very dark olive brown (CL) 

Qp • 1. 2 , 1.7 tsf 
Sv • 0.82, )1,0 caf 

SAND, narrowly graded med. to fine aand, ~oatly fine, <51 
nonplast1c tinea, brown (SP) 

SIB-Top 14": SILTY SAND, narrowly Rraded fine sand, 451 nonplaatlc 
fines, dark olive brown (SH) 

Bot 5": SILTY SANDY CLAY, ~od, plastic flnea, "'15'l very fine aand, 
stratified, several lenaea and thin layers of silty fine 
sand, dark olive brown (CL) 

519-Top 1 6" : SILTY SAND, narrowly Rraded fine aand, 'I.)O'l nonplaatlc 
finea, dark olive brown (SH) Sample contained three 
1'' - chick layers of stratified t&l cy c l av. 

continued on next paRe 

"EN ' I'[N[ntATlO" L("G~ 0' SAW I'\..[ II Oil COM IAIIII(l 
lltt ·II[COV(IIY U"OTN 0' SAWI'\.L 1. See Page 1. 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN fERNANDO DAH 

IIOO 'U"O~ 01 ~0 c:OII£1 >4111/UHGTM COIIlO. 'Ifo 
S • SI'LJT SI'OON IAMI'L( 
u· UNOIIT\.1111[1) IAMI'LO 

vs · '"fll' T\IU vo·otMIOII u' • '11(0 "SlON U'' "'ltH(It 
UO • OSf(ll&(ltO \It • I ( I 

i lltOUIIIDWATlll OWhWWICALI. ..::==.:-*0_._._ -""-
D&~ 3/10/86 
-ocn 85669 
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I 

BORING LOCATION su •·lL 'l.l·~ GROUND EL£\'AnON(NGVDl '!!lo~5 DATE START/FINISH •nom /- •mt e~ 5104 
INCUNAnON YPrttc•l BEARING NA TOTAL OEPnt (FT.) 117~0 ORILL£0 BY r. suv.rt. wr:stcot 
CASING ID ~f'lS .... d CORE SIZE NA GROUNDWATER EL. Nlll) 

EL DEPTH 

" · 

~ 

.... 92 
~ 

f-
~ 

""' ~ 93 
r-
1-

1-
~ 

1- 94 
~ 

~ 

~ 

~ 

f-- 95 
~ 

f-
f-
~ 

1- 96 
~ 

~ 

1-

t-
1- 97 
1-

~ 

1-
~ 

f-- 98 
~ 

~ 

~ 

""' 1-- 99 
1-

1-
t-
r 
1- 100 
1-

1-

1-
1-
1- 101 
1-

1-

t-
1-

~ 102 
-
f-
1-
1-

1- 103 
I-
I-

t-

• 

SAWPLE 

TYPE BLOWS PEN REC 
one PER 
NO 6 IN IN IN. 

519 

I 

I 
I 

S20 

521 

4 
6 

1 1 
17 

3 
6 
5 

18 

12 
15 
18 
21 

24 24 

24 20 

24 17 

R EWARkS 

eLO*S '£"' ·••out~~o&Wioi(I"ALL•NG)() ' roolltii(AlOINOO NOTES 
SP\.IT SPOON SAIII'L£11 

SIIJ·Next ~" : 

Bot. 3": 

S20-Top I I" : 

Next 6" : 

Bot 3": 

521 

P(N '"t'f!T'IIATION L£'1Gnt OF SAWI'\..fll 011 COli( UIIII£L 1 . See Page 1. 
A(C • II(COVE"' LL"GTM Of SAIII'\.f 

ROO ' LL"Gnt 01 50UHO COlla >• oN /LLHGTH COII[O, "Ye 
S • 51'UT SPOON SAIIP\.£ 
U' U"OIS Tulllto SAWI'\.0 

u s · SM(ll" ruu 
J F • FOJ(O '•STl>'l 
J O • OSTEIIIW'O 

'if. OIIOUMDW&T[II 

u o · o£Nt5011 
uP·..,~H£11 
UG'41[1 

DATE· LOGGED BY 1, B I Psrlt I... DATE.,\ 0-12/ e~ PGI 8 OF 9 

SOIL AND ROCK DESCRIPTIONS 

SlLTY CLAY, ~od. plaatic fines, ~~~ very flne aand, sera· 
tified, d•rk olive brown (CL) 

Sv • O.IJij, >t~O taf 
Qp • 1.8, I ~IJ, 2.2 taf 

SANO, narrowly ~raded fine aand, ~sl nonplaatlc finea, 
brown (SP) 

SILTY SAND, narrowly sraded fine aano, ~201 nonplaatic 
flnea, dark olive brown (SH) 
SILTY CLAY, ~od. plaatic flnea, ~~~fine aand, stratified, 
dark olive brown (CL) 

Sv>l.Otsf 
Qp • 1~7~. 2.0, 2.0 taf 

SANO, narrowly ~raded med. to fine aand, ~oatly fine, <~1 
nonplaatic flnea, brown (SP) 

SILTY SAND, narrowly ~raded fine aand, ~201 nonplaatic 
finea, olive brown (SH) Sample contained a ! ''·thick 
layer of stratified eilty clay. 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

OaJI mcciCAL a:HGIH.,_ 1M:. -.c:Jo4..... . = 0 -...,.. 

OAn ) / 10 / 86 
~ 85669 
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BORING LOCATION St• o. l~. 

INCUNATlON Vertical BEARING 

73.!' s GROUND ELEVATlON (NGVDl---..:1..:.1~14;.:.·.;..5 DATE START/FINISH 91101 85 _/- 9112/85 5104 
'~A TOTJU. DEPTH (FT.) :p.O DRILLED BY f . Stevart, W£5/COE 

CASING ID :>st "Jtd CORE Sl ZE '>A GROUNDWATER EL. ..• ~) .. DATE LOGGED BY J.R. P..rktn• DATE91 10• 12185 PG. 9 OF 9 
EL DEPTH SAMPLE R EMAAICS 

TYPE BLOWS PEff AEC 
SOIL AND ROCK DESCRIPTIONS 

and PEA 
FT. "· NO. 6 IN. Iff IN. 

~ 
100:. 

~ 

~ 

~ 

- 105 
Approximate Interface - Hydrau~l~lc~F-1~1~1~--------------------·~ 

Alluvium ----
- 106 ----
- 107 
. 
.. 
-
1-

~ 108 
1-

~ 
~ 

1-
1-- 109 
~ 

1-

1-.. 
- 110 
... 
-
1-
1-

1--111 
~ 

1-
1-
1-

1-- 112 
1-

1-
1-

~ 

-113 
... 
... 

"' -
~ 114 
~ ---
-ns -
---
- 116 
---
- , 1 7 

S22 

23 

5 
9 

14 
20 

12 
17 
18 
25 

9 

24 22 

24 22 

S24 14 24 18 
16 
29 

BLOWS 1'[11 6 ·r40UI HAIIIItll 'ALLJNG )() ' TOOIItltlA201N""' NOTES 
VLIT SPOON SA .. P\.[R '~ 

S22 • SANDY SILT, non to sl. plutlc flnu, ...:151 fine - med sand, '1.51. 
up to ~", blackish olive gray (HL) 

S23 • Similar to S22 (ML) 

S24- SILTY SAND, narrowly graded fine aand, 'I.)Ql nonplaatlc flnea, 
ol ive ~ray and brown (SH) 

Bottom of Borehole - 117.0 ft 

--
aravel. 

---.. 
.. 
---
• . 
. 
---

• 

• -
• . .. 
--
• 

• 
• 

--
• 

• 
• 
• --
• 
• 

--
• 
. 
---
• . 
---. 
-
-----., 
.... 

P[N 'P[N('niAnON L(Nc;T'H Of ~At.tP\..£11 ()jl C()jlt 8AIIII£L j. See page 1. 
q(C • IIECOVUIY I.LNG TH or SAt.tPI.L 

ROO ' L(NGT'H C>' SOUND CORO > 4 tN /I.LNGTM COIII[O, 'Yo 
S • S"-IT SPOON SAWPL[ 
u· UN0t$TUAII(O SAWPLU 

U S ' SH[LIIT TUII[ 
ur · ftl£0 1'1STON 
uo· OST[III(JIIG 

'if. GJIIOUNOWAT£111 

VO • ODitSOie 
VP'"'ftH(JII 
VG'UI 

RE -EVALUATION OF THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

OWOIW:WICAL .. IIQDI- DIG. 
~ . .._., - _,.,. OATI. J I 10/86 

I'IIOIICT 85669 



BORING LOCAnON su 9·1~ 2l.~o·s GROUND ELEVAT10tHNGV0) _ __:.1.:...:11:..;::4.:...:.1:..,__ DATE START /FINISH 9112 I~~~ /-'H 14 I 85 

INCUNA T10N Vr r • • " t BEARING 
s 105 

"~A TOTAL DEPTH (FT.)_-.!.1 :...:17...:.;.0~---- D RILLEO BY __ ..;.r..:.· _S;:,:t~e.:v.:.• r:..;t:;..,.._llt.:.::.;S:.:,I,:.CO.:.[;__ 

CASING I ~ "t! """" CORE SIZE GROUNDWATER EL. ti~ll DATE LOGGED BY J.ft. Pc•Un• DATE "'"-lt./M PG. I OF 9 
EL. DEPTH SA .. PLE R EMAAkS 

TYPE BI.OWS PE~ REC SOli. ANO ROCK DESCRIPTIONS 
Gilt PER 

H " NO 6 I N IN IN 

1111..1 r 
. 

1-

~orehole 

ad., anced 
u al n11 

1- 19 Handard 

• 
• . 

1-
i- 1 51 35 24 23 

rotary Sl -
36 vaah bortns SILTY SAND. widely ~raded coarae to fine aand, noatly fine, ~301 • 

r- 32 t echnique& nonplaatlc flnea, <51 ~ravel, brown (SM) ... 

r-
~ 

1-

t- 2 
t-
t-

t-
~ 

t- 3 
1-

1-
r-
r-
r-- 4 
r-
~ 

1-

1-

t- 5 

~ 
1-- 6 S2 
t-

1-
r-
r-
t- 7 
r-
1-
f--
- 8 
r-
~ 

t-
t-

t-9 
;-

t-

t-

-- 10 
---... 
...- , , 53 

-r-
1-
r-
t- ~2 

1-
t-
1-

r- . , 

9 
14 
25 
24 

7 
15 
18 
2 1 

24 21 

24 17 

vI th a 
bentonite 
drlllln~t· 
mud. 
Cleaned out 
borehole 
wlth • 4" 
fl ehtal 1 
bit vlth 
upvard 
Jcttlnj! . 

81.CWS t>(e' ""0~ """ll(lt '&UIHG )() ' TO 011111( & Z OIH 00 NOTES 

52 -

53 • 

SILTY SAND, widely Rtaded coarse to fine sand, nostly fine, ~301 
nonplaatic fines, ~51 gravel up to In", blackish brown (SM} 

SANOY CLAY, al. to ~od. plastic finea, ~401 coarse to fine aand, 
~15~ gravel up to 1.0'', brown and olive gray (CL} 

~ ""-'' SPOOtf SAWP\.[11 
P[H 'P['<('ni&TIC'< L(~GTH ~ S&WP\.fll 011 COM Uoflll(l 
REC I •£COVtll\' U~GTH 0' S&WPU 

AOO'UOIGTH 01 SCU.O CORn >•tH/UHGTM COit[O,% 
s I SI'I..IT $1'0011 S&WP\.( 

1) Groundwater leve ls not recorded 
~ec ause bentonite drilling mud 
used ln borehole would produce 
Inaccurate readings. 

RE- EVALUATION OF THE SLIDE IN THE 
~OWER SAN FERNANDO DAM 

, s · S•£L8Y rue£ 
.f I < 1(0 l'tSTOH 
110' OST(ftll(fiG 

'¥ G ltOUtl OW& TUI 

UO • DENIS<lef 
UP'Pin:H(" 
VO't£1 

OW> I mJCAL DfOOI'a&M DIC. 

~····· · - 0 -n-a 

OAT~ J/10/86 
PIIMCT 8 56 6 9 
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BORING LOCATION sr • 9t l) 2l.4 ' SGROUNO El£VAT10NCNGVOL) --....l.llu'•'-'&..- DATE STAAT/FlNISH 't/U/IIS /-
9114185 S J 05 

INCUNATlON Verttcel BEARING I(A TOTAL DEPTH (FT.) ' 17.0 DRILLED BY r. suvnt . wu/cot 

CASING 10 Not u .. d CORE SIZE__,s.l.ll·A~GROUNOWATER EL. >~Itt > DATE 0 LOGGED BY J.B. Prrktn, DAlt: 9112-14 / SS PG. 2 Of 9 

EL OEPn4 SAUPLE R Et.IARKS 

H . 

TYPE 

i and 
FT. NO. 

I) 

t 
~14 

15 

~ 
.- 16 

~ 
;-

r 
t- 17 .-
t 
-
- 18 
---
-
- 19 

--
~ 

I-

I- 20 
~ 

-... 
~ 

.... 21 
I-

-... 
-
- 22 
----
1- 23 
~ 

f-

1-
I-

I- 24 
I-

I-

f-
1-

;- 25 
r 

~ ? ~ 

S4 

S5 

56 

BLOWS P£N AEC 
PER 
6 IN. IN. IN. 

10 
1 7 
25 
27 

10 
16 
26 
37 

13 
21 
22 
25 

24 21 

24 19 

24 1CJ 

' '·0•5 •te' •ttO~ HAfoUt(lll 'ALliNG)()" TO 0 1111'1( A a OIN 00 
SP\.IT SPOON S.UIP\.[111 

0[H · ~ .. (TliAnOif l(NG~ 0' S.Uotii\LIII 0111 COlli( IAIIIIII[L 
O(C • f(COV[Ifr UNGT" 0' SA .. PU 
OQO' UOOGN 0' SOUNO CORE'S >1111 / UIIOTH COIII(O, 'Y• 
5 • SP\.JT S•OOII S.IWP\.( 
u· UIIO.STUIII[D SAWP\.0 

J S ' S"[LIY TU8f. 
Vf 0 "J(Q fll5f()ll 
YO ' OST[Iti(I!Q 

~ OIIOuttOWATU 

UO ' O(NI~ 
UP 0 fll 11;H(II 
UO' Oll 

NOTES 

1 ' 

54 -

SOIL AND ROCK O[SCRIPTIONS 

SILTY SAND, widely Rr&ded coarse to fine aand, moacly fine, '301 
non to al. plaatic fines, ,101 Rravel up to 'n", blackish gray (SM) 

S5 • Similar to 54 (SH) 

56 - SI LTY SAND, widely ~raded coarae to fine aand, , )Ql nonplaacic 
fines, '101 Rravel up co 1. 0'', blackish brown (S~ ) 

See Page 1. 
RE-EVALUATION Of lHE SL!DE IN THE 

LOWER SAN FERSANDO ~AM 

OWJI &:WNICAL 81-aoa -·~ 
~··-. __ ? .......... 

OAT~ J/10/86 
~ 85669 
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BORING LOCAT10N su 9•15, 2l,t.•s GROUND EL£VAT10N(NGVDL) --.Ul!U.'II.&.J.'- OATt START/flNISH 9/12/85 _/- 9114/85 

INCUNAT10N Yertlul BEAAING NA TOl'JL OEP'1l4 (FT.) !p,o DRILLED BY r, Stewart, WES/CO! 
5105 

CASING 10 llot ua.O CORE SIZE NA GROUNDWATER EL.. Nil) OATt • LOGGED BY J,a, Pulllna OATt9112-14/85 PG. 3 Of 9 
£L 

"· 

~ 27 
~ 

~ 

--
- 28 
-.. 
.. 
.. 
- 29 .. 
.. 
... .. 
~ 30 
~ 

~ 

~ 

~ 

~ 31 
~ 
~ 
~ 

~ 

~ 32 
1-

'" 
'" 1- 33 
~ 

~ 

~ 

1-
~ 34 
1-
~ 

~ 

~ 

~ 35 
~ 

~ 

1-
~ 

~ 36 
I-

I-
I-
I-

1- 37 
~ ---
- 38 --... 
- 39 

TYPE 
Ill. 
NO. 

S6 

SAWIIL[ 

k.OWS P[H lt[C 

"" I IN. IN. IN. 

1) 

21 24 19 
22 
25 

19 
S7 28 24 15 

33 

sa 

46 

24 
16 
20 

100 

24 14 

I LOWS 1'(11 • I 1401A. IWI6M!'II 'AWNQ 11)" TO 0111~. z 0111.00 
SI'UT VO<* SAWI'\.LII 

~~~ • ~N( TIUllOII I,OIGlM 01 SAIII'\.IA at COli( I All MI. 
MC ·II(COVP'f UHIITN M SAWU 
IIQO•UNQTN 01 ~ aJIIO >•tii/UNGllt COII(O,% 
S • 51'\JT SI'OOM IAMI'U 
u· UNOIIl\llllm IA»~D· 

US • SH(I.IT TUI[ 
U' ·"lUI I'! STOll 
UO"OiiC .. 

i QIIOUIIOWATIA 

NOTES 

SOIL AND ltOCK D£SCRIIITIONI 

S6 • See previoue paa•• 

57 • GRAVELLY SILTY SAND, vldely graded coarae to fine aand, '201 
nonplatt1c fine•, ,201 gravel up to 11/4", dark olive brown (SH) 

S8 - GRAVELLY SILTY SAND, widely ~rtded coarae to fine aand, '201 
gravel up to 1.0", "'201 nonplaatic finea, dark olive broVTJ (SH) 

1. See Page 1 
RE-EVALUATION Of THE SLIDE IN THE 

LOWER SAN fERNANDO DAH 

OW> I WC::WWICA&. aHODia&M 010. 
• Q' ...... -~ 

OAT~ J/10/86 
I'IICWI:CT 85669 
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BORING LOCATION ,,. ,,,, 
2 1 't' GROUND ELEVAnONtNGVD) --"""""'-~~...._- DATE START/F1NISH !tl?m /.9tJiem 1114,1 5105 

INa.JNAnON XIE,&Sil i BEARING ~6 TOTAL OEPn1 (FT.) ---..loJ...j~---- DRiu.EO BY r, Stevert. liES/CO! uz.g 
CASING 10 Nor uer d CORE SIZE NA GROUNDWATER EL .,.u 

EL DEPTH SAWPLE R EWARICS 

TYPE ,llJ- - PEH REC 
IIUI PER 

,T. "· NO. 6 IN. IN. IN. 

• .39 
. 
. 
. 
- 40 
• 

• 

• 
31 -

.... 41 59 
44 

24 28 0 
~ 33 
~ 

~ 

~ 

- 42 -. 
--
- 43 ----
-44 
• 
• 
• 

• 

- 45 -. 
• 
~ 

4 
9 

~ 46 S10 11 24 12 
~ 8 
~ 

~ 
~ 

- 47 
~ 

~ 

~ 
4 ... 

511 4 24 15 
-48 4 
• 5 .. 
• .. 
- 49 
• -
• 2 - S12 3 24 24 -so " .I - 0 -
~ 

~ 

~ 51 
~ 2 
~ S13 4 24 14 ... 5 

~ 'i' 
5 

1\.DWS ll'f.lt t " • t401A. MAM""-11 'AW IIO 30•10 011niC A LO .. QO 
S"'.tT SII'OON UMII'Uit . 

l'llll• "'«ntano-. UI!Gn4 0' SAMII'Uit 011 COM Ulllllfl 
lllC • lllfCOIIIJIY 1.011 TN 0 ' S.Wt'U 
IW)O •LlJtllM 01 DM COlla >• till /~ COliC,% 
I · SlUT SI'OOII IAMI'U 
U • \MDII TUitKD I* ""1.0 · 

us·~ TUK 
U' • "•f.D II'! STOll 
UO • 01TV111M 

ii--OWATIII 

59 

S10-Top s•: 

Bot 7" : 

511 

Sl2 

Sl 3 

NOTES 

1. See Paae 1. 

DATE - LOGGED BY J . lt. Perktn• DATE 9f1Z-l4tll5 PG. 4 0, 9 

SOIL AND ROCK DESCRIPTIONS 

NO lECOVERY, auapect Aravel in front of •••pler vhlle 
drlvins. 

Approxlaate Interface - Rolled F111 

Hydraulic Fill 

SANDY CLAY, al. to •od. plaatlc flneaf ~351 coar•• to fiDe 
aend, •oatly fine, ~151 ~ravel up to n•, olive brown (CL) 
SAND, narrowly sraded •ad. to fine aand, •oetly •ad., ~101 
coarae aand, <51 nonplaatic tinea, brovn (SP) 
Tlp of ahoe contained a thin layer of ailty clay. 

SILTY CLAY, •od. plaetlc flnea, ~101 very flne aand, etra-
tlfled, very dark olive brovn (CL) 

Qp • 1.2, 1.1, 1.0 taf 
Sv • 0 .66, 0.60, 0.60 taf 

SANDt CLAY, al. plaatlc flnea, ~zos very flne aand, atra• 
tlfied, blackiah olive 

Qp • 1.2 taf 
Sv • 0.7 taf 

SANDY CLAY, •od. plaatic tinea, ~201 very flne aand, 
blackiah olive (CL) Occ. lrresular pocket• of allty tlne 
aand. Saaple cont ained a IIA" piece of ~rave l at lover 
t hlrd • 

RE-EVALUATION Of THE SLID! IN THE 
LOWER SAN FERNANDO DAM 

OAT& 3/10/86 
-o«cT 85669 
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BORING LOCATION su •·150 V.~o • s 

INCUNAnON ysrpstl BEARING NA 

CASING ID Hot uud CORE SIZE NA 

GROUND ELLVATlON(NGVD' .. --.....~ol .~o~!lW~~~'_,J._ DATE START/FINISH 9112/ 85 /-9114/85 s 105 
TOUL DEPni '"-'---""'l ""'Jl'-WPi.---- DRILLED BY r 0 ssr•rt 0 VU/CO! 

GROUNDWATER EL. Hal> DATE - LOGGED BY J.a. hrlltn• DATE '1112-14/85 PO. 5 0, 9 
E:L DEPTH SAMPLE RtWAAU 

'f. 

TYPE I Rl nw• P£H REC 
Ollf PER 

n . NO. 6 IN IN. IN. 

~ 'J I. 

~ 

~ 

~ 
1- 53 
~ 

~ 

~ 
foo 

l- 54 
r-
~ 

~ 
• 

-55 
~ 
1-
r--
- 56 -
---
-57 . 
• 

-
• 

- 58 ----
- 59 
• 

---
- 60 ----
- 61 --
~ 

-
- 62 ----
-63 --.... .. 
- 64 .. 
--
.. 6 5 

$13 

S14 

$15 

$16 

$17 

$18 

S19 

2 
4 24 14 
s 
5 

3 

~ 24 24 
s 

2 
~ 24 16 

7 

1 
2 
4 24 24 
6 

2 
3 
6 24 24 
7 

8 
14 
15 24 15 
16 

5 
5 24 18 
8 

17 

IUIWS I'( II' •t•o-.. HAIItoiOI 'AUJIIt :IO" TO 0111'0( A 2 OIH""' 
SI'UT SPO<lfl SAWI'UII ' -

I'(N ° I'(H(TIIAftON ll/IGTH Of SAM !lUll 011 COM IAIIIIfl 
Mt I II(Covt"' UNCi TH O' SAWIIU 
IIOOOUNOTH Of :IOUHO COIIO >•••IUIIGTH COII£0, 'Ye 
S 0 SI!UT SI'OOII SAWIIU 
Uo UHOtri\IIIIID) SAWI'l!S' 

US 0 SH[liT T\111[ 
"' ' 

0 

"1£0 I'ISTCIH 
UO • OST[IIIVIQ 

~ IIIOUNDWAT(II 

UD'DlNISOII 
u I' • 1'1 TCM VI 
UCi'UI 

NOTES 

Sll 

S14 

SOIL AND ROCK DE:SCRIPTIONI 

See previoue pa~e 

SANOY CLAY, el. plaatie finea, ~251 fine aand, lrresular 
atratifieation, blaekieh ollve (CL) 

Qp • 1. 3 taf 
Sv • 0. 72 taf 

SIS SANDY CLAY, al. plaatie flnee, ~251 very fine aand, atra
tlfied, blaekiah olive (CL) 

516 SILTY CLAY, aod. plaatie finea, ~101 very fine aand, 
atratified, blaekiah olive (CL) 

Qp. 0.8, 1.3, 1.5 tlf 
Sv • 0.53, 0.73, 0.75 taf 

517-top 231~": SILTY CLAY, aod. plaatie finea, ~101 very fine aand, 
atratified, blaekiah olive (CL) 

Qp. 1.3, 1.6 tlf 
Sv • 07.8, 0.73 taf 

Bot 1/2" : SAND, narrowly araded fine eand,~101 nonplaatie finea, 
olive brown (5P-5H) 

5 18-top 5" 1 

Bot 10" : 

519-top 5" : 

Next 8" : 

Bot S" : 

SANDY CLAY, al. plaatie finea, ~251 fine aand, blaekiah 
olive (CL) 
SAND, narrowly graded fine aand, ~51 nonplaatie, brovn 
( SP) 

SILTY CLAY, mod. plaatlc flnea, ~~~~fine aand, atra
tifled dark olive brown (CL) Oec. poeketa and 
lena•• of ailty fine aand. 
SANDY SILT, non to al. plaatle f1nea,~351 fine aand, dark 
olive brown (HL) Oce. layera of silty clay to 1/ 8'' 
thick. 
SILTY SAND, narrowly graded fine aand, ~201 nonplaatie 
finee, ~51 aed. to eoarae eand, olive brown (SH) 

1. See Pege 1, RE-EVALUATI ON Of THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

oea SUCh leAL.......-DIO. 
•aw••·--7"•••,... 

oa~ 3/ 10 / 86 
""""" 85669 
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BORING LOCATION Ste 9.n. 2l .4 •s GROUND ELEVAnON(NOVD' 1114 . 1 DATE START/FINISH 9/12/85 /_ 9/14/85 s 105 
INCUNAnON verttul BEAANJ IIA TOlal. DEPIH (FT.) _ _.I...,ll"'·-.llo ______ DR!' • ED BY-~'..:.· ...;S::.:t:.;::ew~•:.:r:..:c:.a.,_..w=s/:..:CO=l--

CASING ID llot ned CORE SIZE NA GROUNDWATER EL Na
1> DATE LOGGED BY I I. Pcrl!lne DAT£9/U-14/85 PO. 6 or 9 

EL DEPTH 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

SAWPL[ 

520 

$2 1 

IL.DWS P£H ft(C 
PU 
6 IN. IN. IN. 

7 
5 
5 
7 

1 
4 
6 
9 

3 
6 

12 
17 

6 " 
6 
9 

19 

2 
4 
7 
8 

2 
5 

24 20 

24 24 

24 12 

24 19 

24 24 

8 24 24 
9 

1 
3 
4 

24 24 

7 

"[WA"ICS 

IUlWS ""' '140~ ~...,. 'AWIII JCf TOON'IIU.OkOO NOTES 
Sll\.1 T S'OC* SAM !lUll 

520-Top 5" : 

Bot 1 5": 

521-Top 17"1 

Next 5" : 

Bot 2" : 

S22 

S23-Top 5"1 

Neat 7" : 

Next 2" 1 

Meat 2"1 

Bot 3": 

524-Top 5" : 

Bot 1 9" : 

S25 

526 

l'fll ' l'fiCTIUTIOII LPOTW 0' s.tMII\.IIICII CCIII( lAMia. 1. Sea P•&• 1, 
II(C • II(CO'tti'Y lLHOTH 0 ' UW~ 
"00 ·u..on. 0' SOI.WO COIIO > 4 ••.1 ~ COIIO, ... 
S • SI'UT II'OOit lt\10111\.( 
U ' IMOII T\MMII IAMII\.0 · 

us · ""~ T\llr uo·C~D~~-u' • " aro I'IITC)W U,_I'ITOIDI 
uo· os~ ue· ec• 

i IIICMIOWATIII 

SOIL ANO "0CIC OESC"IPTIONS 

SILTY SAND, narrowly •raded fine aand, ~151 non plaatic 
finea, ~51 ~ed. to coarae aand, olive brovn (SH) 
SANOY SILT-SILTY SAND, non to al. plaatic flnea, ~SUI flne 
aand, blackiah olive (HL-SH) 

SILTY CLAY, mod. plaatic flnea, ~:os fln• aand, atratlfled 
blacklah olive (CL) 

Sv • 0.90, 0.90 taf 
Q~. 1. 50 , 1.50 tlf 

SANDY SILT, non t o aL. plaatlc finea ,~451 flna aand, 
blacklah olive (HL) 
Similar to top 17'' (CL) 

SILTY SAND, narrowly lradad fine aand, ~401 non to al. 
plaatlc flnea, blackish olive (SH) Entire lenath of 
sanple dlaturbed. Place of Aravel in head of aampler. 

SILTY SAND, narrowly araded fine aand ~301 nonplaatlc 
flnea, vary dark oUve (SH) 

SILTY CLAY, •od. plaatlc finea, ~101 flne aand, atra• 
tlfied, very dark olive (CL) 
SILTY SAND, narrowly araded fine aand, ~201 nonplaatlc 
flnea, very dark olive (SH) 
SANOY CLAY, a l . plaatlc finea, ~351 fine aand, atratlfled, 
very dark olive (CL) 
SAND, narrowly aradad fine aand, ~51 nonplaatic finea, tan 
(SP) 

SILTY CLAY, al . plaatlc finea, ~301 flne aand, very dark 
oUva (CL) 
SILTY CLAY, aod, plaatlc flnea, ~101 Une aand, acratlfled 
very dark olive (CL) 

Sv • 0.86, 0 .91, 0.74 taf top to bot to• 
Qp. 1.6, 1.6, 1.3 taf top to bottoa 

SILTY CLAY, •od. plaatlc finea, ~101 fine aand, atra
tlfled, very dark olive (CL) 

Sv • 0.56, 0 . 75, taf top to botto• 
Qp • 0.80, 1.60, t•f top to botto• 

SILTY CLAY, aod. pla1tlc 
tifled, dark olive (CL) 

Sv • 0 .74, 0.93, 0.93 
Qp • 0 . 90 . 1 • 6 • 1 • 5 

flnae, ~101 vary flne eand, etra• 

t1f top to botto• 
tlf top to bottom 

RE-EVALUATION or THE SL IDE IN THE 
LOWER SAN FERNANDO DAM 

OAT& J/10/86 
0 " 85669 



BORING LOCATION ,, '·15 n •·sGROUNDELEVAT10N(NGV0) 1114.1 DATE S1MT /FlNISH "!?I Ill /-!ttttU 5105 
INCL-.A110N Ysrstnl BEARING NA TOlal DEPTH (n:) 117.0 DRILL£0 BY _ _,~,._.:IJU'-II'YUIEEJl .... .Jilt&w.S.u"M~;g"r;--
CASING ID •ot uee4 CORE SIZE NA GROUNDWATER E1.. '!!1) DATE LOGGED BY J ,a, Perlrlt~•OATE 'll2-l4tn PO. 7 M 9 
fL 

,T. "· 
iS 

79 

80 

81 

82 

84 

as 

86 

87 

88 

89 

90 

91 

nn 
'"' NO. 

528 

ILDW1 
PU 
I IN. 

1 
3 
4 
7 

2 
6 
6 

11 

2 
5 

P£N ,_EC 

IN. IN. 

24 24 

24 24 

8 24 13 
9 

3 
6 
9 

529 11 24 24 

5 

531 

4 
9 

10 
11 24 24 

4 
14 24 22 12 
15 

6 
12 24 19 
14 
15 

t\DWS ,(.I ·.,40 ..... IIA .. Iftll "LUNG 30" TO 0111¥(. il.UI ... UI~I NOTES 
SI'UT S'OOII 'AWI'I.(II 

'f'I·~N[TIUTlOH L.VIGTW 0' UMPUII 011 CCII( • .,_ .. [1. 1 I 

II(C • II[COIIP'r L.VIGT" O' SAMPU 
IIQO•L.LifQTW r# toiiiO COlla > 41N /I.LIIGTM COMO,%. 
S • ti'UT 11'0011 IAMI'U 
u· II'IOIINIIIOI ~· 

us •SfCt..n TUif 
Uf • "1(0 'ISTOH 
VO·OSIEWAO 

517 

S2S 

S19 

S30·Top 4": 

Next 6 .. : 

Next 3": 
Next 2" : 

Bot 9"! 

531-Top ~": 

Next 1": 

Next 2": 
Next 7": 

Next 3": 
Bot 4": 

SOIL AND ROCK DEICRt~TIONI 

SILTY CLAY, •od. plaetic flnee, ~101 flne eend, etra
tifled, very dark olive (CL) 

Sv • 0,93, 0.91, 0.9S taf top to botto• 
Qp • 1.7, 1,7, 1.7 taf top to botto• 

SILTY CLAY, Nod. plaatic flnee, ~101 very flne aand, etra
tlfled, very dark olive (CL) Hoet of sample disturbed 
fro• piece of ~ravel. 

SILTY CLAY, •od. plaatic finea, "-101, very fine eand, 
atratified, very dark olive (CL) Sa•ple contained aeveral 
irreaular pocket• and len••• of ailty fine aand. 

Sv • 0.9S, 0.9S, 0.8S tef top to botto• 
Qp • 1,4, 2.0, 1.8 taf top to botto• 

SILTY CLAY, •od. plaeclc finee, ~101 very fine eand, ecra-
tified, very dark ollve (CL) 
SILTY SAND, narrowly araded fine eand, 
finee, very dark olive (SH) 

~351 nonplaeclc 

SILTY CLAY, aimUar to top 4" (CL) 
SILTY SANO, narrowly araded flne aand, "-201 nonplaatic 
finea, very dark olive (SH) 
SILTY CLAY, aimUar to top 4" (CL) 

SILTY CLAY, mod. plaetic finee, "'101 very fine eand, atra-
tified, very dark olive (CL) 
SILTY SAND, narrowly araded flne aand, ~2SI nonplaatic 
flnee, very dark olive (SH) 
SILTY CLAY, aimilar to top 5" (CL) 
SILTY SAND, narrowly Rraded flne sand, "-301 nonplaatic 
finea, very dark olive (SH) 
S 1 LTY CLAY, aim Uar to top 5" (CL) 
SILTY SAND, al.mUar to top 7" layer above, except olive 
brown (SH) 

S32-Top 17": SANDY SILT, non to al. plaetic fines, '1.)01 flne aand, olive 
brown (HL) 

Bot 2": SILTY CLAY, mod. plaetlc finee, "-101, very flne aand, 
'tratified, olive brovn (CL) 

See Page 1. 
RE-EVALUATION OF THE SLIDE IN THE 

LOWER SAN FERNANDO DAM 
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BORING I..OCATlON Ste 9,}\ 21.4 • $ GROUND ELEVAnON(NGVDlL __ .:.:11~14.:.:·:.:.1_ DATE START/FlNISH !tUm /-9114112 5105 
INCUNAnON Yrrt&ul BEARING !!A TOTal OEPTl1 (FT.) --~-...:.:11:.;7.:..0;;__ __ OR!I I fO BY ___ ,~·~S~t·~v::,ar:.,:t:, • ....;llt~SI:.,:C::O:.:,!_ 

CASING 10 Nos uud CORE SIZE HA GROUNDWATER EL 111 1> DATE • LOGGED BY J.R. Pnkln• OATt "/12-14115 PO. 8 0, 9 

[L DEPTH 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

TYPE P£H AEC 
on• PEA 
NO. 6 IN. IN. IN. 

4 
33 6 24 23 

9 
13 

4 
6 
9 

11 

7 
6 
8 

12 

4 
7 
9 

10 

4 
7 

24 8 

24 24 

24 24 

8 24 24 
10 

4 
10 
10 24 24 
12 

5 
9 24 24 
~ 

10 

It [NARKS 

II.OWS ~(II' •t40la IIAIUI(ll ,.I.UNQ )()"TO 0111~ ••. UOIO.QIIJI NOTES 
SPliT 51'00111 S&WI'\.(11 

S3J 

S34 

S35-Top 3 .. : 

Next 4": 

Bot 17": 

S36 

S37 

S38 

SH 

l'(lj ' IO(NtTII&TlON ~O<GTW Of S&WI'UII Oil COli( lAIII!(~ 
II(C •II[COII(IIT LLNGTH 0' S&WI'l[ 1. See Page 1. 
IIOO·LLNQTH Of !OUNO COfiO >41111 /I.INOTM COllt:O,"ll. 
S • SI'\.IT ti'OON 1.\WI'\.f 
U • UN Oil TUIIIUI S&WI'\.0' 

US • SH(I.IT T\JU 
U' • "UO I'ISTON 
uo · OSTliiiPO 

i IIIOUifOWAT[II 

SOIL AND AOCIC DESCRIPTIONS 

SILTY CLAY, •od. plaeclc flnee, '51 very flne eand, ecra• 
tlfled dark brown (CL) Occ. lrreaular pockete and len••• 
of ellty flne sand. 

Sv • 1.0, 1.0 taf 
Qp • 1.5, 1.8 taf 

top co bottow 
top to botto• 

SILTY CLAY, Nod, plaetlc flnee, '101 very flne sand, etra
tlfled, dark brown (CL) 

SILTY CLAY, mod. plaetlc flnee, '101 very flne eand, etra
tlfled, dark brown (CL) 
SILTY SANU, narrowly ~raded flne eand, '401 noa to el. 
plaatlc flnee, dark ollve brown (SH) 
SILTY CLAY, ~od, plaatlc flnee, '101 very flne eand, atra
tlfled, dark brown (CL) Occ. Lrre~ular pockets and len• 
••• of ellty flne eand. 

Sv • 1,0, 0.86 taf 
Qp. 2.0, 1.7 tlf 

top to botto• 
top to bottoa 

SILTY CLAY, mod. plaatlc 
tlfled, rlerk brown (CL) 
••• of ellty flne eand. 

flnee, '101 very floe sand, etra
Occ. Lrre~\llar poc&eu o~~nd len-

Lover half of aa•ple contained a 4•-thlck layer of SILTY 
FINE SAND vlth '401 nonplaetlc flnee.(SH) 

SILTY Cl.AY, mod. plaetlc flnee, '101 very flne oand, etra
tlfled, dark brown (CL) Several Lrreaular pocket• end 
lenoeo of sllty fine eand. 

Qp • 1.6, 1.6 tef 

SILTY Ct.AY, mod. plaetlc flnee, '101 very flne oand, etra• 
tlfled, dark brown (CL) 

Sv • 0.95 taf 
Qp • 1.6 taf 

Sa•ple contained two 2"•thlck layere at the top half and 
one 4"-thlck layer at the botto• half. The layero con· 
sleted of SILTY SAND, narrrovly araded flne eand, ')01 
nonplaeclc flnee, dark brown (SH) 

SILTY CLAY, mod. plaetlc ftnee, '101 very flne eand, atra
tlfled, verv dark brown (CL). Occ. lrreaular pocketl and 
leneee of silty flne sand. 

nued on 

RE-EVALUATION OF THE SLIDE IN THE 
LOWER SAN FERNANDO OAH 
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BORING LOCAnON lu .,.,, 23.4'1 GROUND EL.EVAnON(NOVD' 1114.1 

INCUNAnON '"''"' BEARING NA TOTaL DEPnt (FT.) Jll,Q 

CASING 10· lloc uee4 CORE SIZE "" GROUNDWATER EL 

DATE START/FlNISH 9112tt5 /-9!14185 

DRILLED BY r. Stewart. 11!1/CO! 
5105 

L.OGGED BY J.a. ru!stne DATE !IU-14/f5 PG. 9 OF 9 
lL SAMPLE R EMARICS 

,T. "· 
~ 104 
~ 

~ 

~ 
~ 105 
~ 

~ 

~ 

~ 
~ 106 .. .. .. 
~ 

1- 107 
~ .. 
1-

~ 

- 1011 .. .. .. .. 
1- 109 .. 
~ .. .. 
~ 110 
1-
~ .. .. 
- 111 .. 
-.. .. 
,_ 112 .. .. 
1-
1-
1- 113 .. .. 
1-.. 
1- 114 
1-
1-

1-
1-

~ l15 .. 
~ .. .. 
~ 116 .. 
,_ 
1-.. 

1, 7 

TYPE 
Ill. 
NO. 

539 

B&.OWS 
PElt 
I IN. 

s 
9 
9 

10 

4 
7 

P£H REC 

IN. IN. 

24 '/.4 

S40 11 24 24 

S41 

542 

12 

4 
12 24 24 
I 1 
13 

7 
12 
15 
17 

6 
15 

24 24 

$43 22 24 19 
26 

II.OWS I'( II & "140~ HA¥WVI '&WNO !0" TO 011111[ & Z.OIH 00 
SI'UT SPOON UWI'\.£11 

l'fii " I'OI(TII&TION I.LHGTH D' S&III'Ul' ~ COM IAIIMI. 
MC • II[CO\'Oft' lLJfO TH 0' S&loii'U 
1100•'-fHGTH D' toiMO C0MJ >4tN /I.[HGTM COIIt:O,"lf. 
S • SI'Ul' SI'OOII I&III'U 
u· UIIOIST\111101 SAIUUS' 

us • SH[I.I'f l\J I[ 
U' • "lfD I'ISlO. uo· OllVIIDII 

539 

S40 

541 

SOIL ANO ROCK OESCRIPTIONI 

Sv • >1.0 taf 
Qp • 1.7 elf 

Sa•ple contained two 2•-chlck layera of SILTY SAND, un1• 
for• fine aand, ~301 nonplaatic finea, dar~ brown (SH) 
Layera were located at •iddla of aa•ple. 

. 

. 

. 
-. 

• 

• 
• SILTY CLAY, Nod, plaatlc finee, ~101 very f1na 

cif1ed, dark brown (CL) .. Occ. lenua of ailey 
Sv • I. 0 taf 

aand, atra- _ 
fine aand. 

Qp • 2. I , 2. 3, 2. 4 t1 f 
--. . 
-. 
. 
. 
. SILTY CLAY, mod. plaatlc f1nea, ~101 very fine aand, atra

cif1ed, very dar~ brown (CL). SaNple contained a 3"-thic~ -
layer of eilcy fine aand at aiddle of sample. • 

Sv • >1.0 caf • 
Qp- 2. 1, 2.2. 2.4 tlf • 

S42-Top 6": SILTY CLAY, eimUar to 541 (CL) 
. 
-. 

Approximate Interface - Hydraulic Fill ..._______ . . 

543 

NOTES 

Alluvium 

Bot !8" 1 SILTY SAND, narrowly araded fine aand, ~401 nonplaatic 
finea,~I OI •ed. to eoarae aand, black (SK) 

SILTY SAND, narrowly graded fine aand, ~301 nonplaatic 
flnea, ollve gray (SK) 

Bottom ot Borehole - 117. 0 ft 

1. See Pag"' 1, RE-EVALUATION or THE SLIDE IN THE 
tOWER SAN FERNANDO DAH 

OaJI&WICAL mJDIWW DIG. 
•Gacuw;•· m a-~ 
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BORING LOCATION sre 5eu I ]?Is GROUND ELEVAnON(NGVO' 1095.1 DATE START/FINISH"'ota, /!mtn s fll 
INCUNAnON Yerttca l BEARING--~:,~NA~...-_TOTAL OEPIH (FT.) 104.0 ORI' I ED BY P'nnll 5tn•rr WWCQE 

CASING 10 No t ueed CORE SIZE Nt GROUNDWATER EL. 9 1) DATE - LOGGED BY I I P rrldD' OATE91Z0.'4 /A5 PG.I OF 8 
EL 

,T. "· 
!09!.1 • u 

. 
-. 
- 1 -
• 

-
• 

"" 2 .. .. 
1-
1-
t-3 
f-

" ~ 
~ 

f-- 4 
f-
1-
fro .. 
-s 
1-
1-

-.. 
-6 ---
fro 
,... 7 
1-

1-

f-
~ 

~8 

1-

1-
1-
1-

t- CJ .. .. .. 
-
- 10 ----
- 11 --
f-
1-

t- 12 
1-

f-
1-

1- 1) 

SAMPLE 

TYPE BLOWS PEN REC 
lncl PER 
NO. 6 IN. IN. IN. 

51 

S2 

Sl 

11 
15 
14 
15 

5 
7 

10 
14 

6 
6 
8 , , 

24 l 

24 17 

24 17 

R [MARkS 

lion hole 
edvenced 
uetna 
e t endercl 
rottr' 
veeh borl DI 
techn1quee 
vlth e 
drllllna 
111Ud I 

Cleened 0\lt 
borehole 
vl tJ\ e 4" 
fhhteU 
blt Vl tJ\ 
upverd 
Je ttt na . 

8U)WS P£11 6 ··1 o&O\A KAMUV. fAWIIO )()" TO Ofll~ AI.OIN.OO 
SPuT SPOON SA.,I'\.(11 

NOTES 

SOIL AND ROCK DESCRIPTIONS 

S1 • SILTY CLAY, al. plaaeic f1nea, ~30l ••d. to fine aand, brovn (CL) 

52 • SAMDY CLAY, al. plaatic f i nea , ~1 Sl fine eand , brovn (CL) 
Occ . l r re•ular pocketa of allty fine aand . 

Sl • S1a1lar to S2 (CL) 

P(H · ~N(TlltTIO" U: ... GTloc 0' SA.,PUII Olt COli( 1161111[1.. 
REC • II[Covtl"r U:NG TH Of SA .. PU: 
IIOO'UHQTloc 01 sou.t0 ~ >41N./UHGTlf COII(D, "Y. 
S • SPuT SI'OON SAMIIU 
u • 1*01 S T'UI'IIED IAMI'\.0 · 

1) Gr oundwater l evel• not recorded 
oecause oentonlte drlll1ng mud 
used ln oorehole would produce 
inaccurate readlngs. 

RE-EVALUATION OF THE SLID£ IN THE 
LOWER SAN FERNANDO DAM 

US • SMf:UT TVU 
vf • fiUD "STOfl 
vo' otrtMUII 

i I~DWAflll ow. a- W~C.Y.a. ~:!~=.IML 
•• 3 ·-·- --~ 

OAT& J/10/86 
I'MWICT 85669 
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BORING LOCAT10N '•• ,,, 1"'3 GROUND EL.EVAllON(NOVD) 1995.1 DATE START/FlNISH 9120/U /..'*124/85 sIll 
INCUNA110N V"rt"' BEARING HA TOTaL DEPTH (FT.) 104.0----- ORiu.£0 BY r. Stevart, VIS/CO! 

CASING ID "a• .... d CORE SIZE !!t 

[L 

'f. 

ll 

"- ,. .. 
~ 

~ 
~ 

~ 15 
f-
f-

f-
f
f-1(, 

f-

~ 

f. 
f

~17 

~ 

f-
f-
f-
~ 18 
~ 
f-

1-

1-
~ 19 
1-

f
~ 

,_ 20 .. 
f-.. .. 
- 21 
1-

~ .. .. 
,_ 22 
f-

~ 

f-
~ 

~ 23 
~ 

f-

f-
r-
1- 24 
f-

1-
I-
I-

~ 25 
I-
I-

r-
1- '" 

S4 

55 

S6 

57 

7 
5 24 
2 
8 

7 
9 24 19 

14 
16 

6 
6 24 10 
8 
9 

8 
12 
8 
7 

24 15 

GROUNDWATER EL. u 1> DATE LOGGED BY J~R~ ruupa OAT!l/29-24 / 8~ PG. 2 Of 8 

54 

SOIL ANO ROCK DESCRIPTIONS 

SAND, narrrowly •raded fine aand, ~101 nonplaatic finea, 
dark brown (SP-5H) 

Approximate Interface - Rolled Fill 

t--------- Hydraulic Fill 

55 SAND, narrowly •raded med. to fine 1and, ~51 nonplaltic 
flnu, brown (SP) Sample contained a !"·thick layer of 
stratified 1Llty clay. 

56- Top 5": SILTY SAND, narrowly araded fine 1and ~201 nonplaltic 
flne1, dark olive brown (SH) 

S7 

Next I": SILTY CU.Y, stratifled (CL) 
Bot 4": SAND, widely Rraded coar1e to fine sand, ~101 nonpla1tlc 

flnea, brown (SW·SH) 

SAND, narrowly •raded med. to fine 1and, mo1tly med., ~101 
coarae sand, <51 nonplaatlc fine1, brown (SP) Bottom of 
sample contained a 1''-thlck layer of gray, stratified 
'llty fine sand. 

ei.DWS "£" • I ••01..1 MM..vt '&WNG so·· ro Dllllll • z.ow oo 
SII'\.IT VOON $&1111'\.(11 

NOTES 

1. 
P(N •P(N('T11.&T1001 UloGl'H Of SAMI'UII Oil COli[ 1.&11"(1.. 
II(C I II[CO'ilii'Y U:NGTM 0' SAMI'U 
IIOOIUIICOTif 1:1 ~0 COIIES >••11/U:NGTM COII(O,'Y• 'I SI'Uf SII'OOie S.&III'U 
u. 11'101 s 1'\-.m 1.&1111'\.D. 

US 'SMfi..IT T\18( 
uf • "•£0 I'ISlOII 
uo • OSTtiiiiPII 

See Page 1. RE-EVALUATION OF THE SLIDE.IN THE 
SAN FERNANDO DAH 

OWJim'ICAL~DC. 
; • Q I ••• M 0 _,.. 

OA~ 3/10/86 
p~ 85669 
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BORING LOCATION sr. 5.15 I \2t s GROUND ELEVATION (NGVD) I P7U DATE START/ANISH 9/20/85 /-7t2fe(05 Sill 
INCUNAnON Yerttul BEARING Nt rcmu. OEPnf (FT.) __ ~l 04;.,;.;.•.;;.o _____ DAn I ED BY_..:,~·~S:,:U:.;.:v•.:.r':.•~o..."';.:ES:;.I.:;CO:.:E:.... __ 

CASING 10 Mn• aeeed CORE SIZE NA GROUNDWATER EL. 'I Ill) ......;;.;~- DATE - LOGGED BY J.ll. hriLlna DATE O!ZO-?s.!OS PG. 3 Of 8 

EL OEPTH 

TYPE 
011-

H. "· NO. 

26 

27 S8 

28 

29 S9 

30 

31 S10 

32 

33 

34 

35 

36 

37 

38 

SAMPLE 

BLOWS 
PER 
6 IN. 

1 1 
15 

5 
4 

7 
16 
1) 
19 

10 
7 

1 1 
7 

6 
7 

12 
1 1 

5 
9 

14 
14 

PEN REC 

IN. IN. 

24 15 

24 19 

24 16 

24 16 

24 18 

8 
13 
11 24 15 
12 

8 
10 
11 24 1 7 
12 

R [MARkS 

II.Dws Hll • ·••o~ """liiVI '.aw..o lO- ro 0111w .a z.o111 00 NOTES 
SI'\.IT 5'0011 SAIII'\.£11 

"('I · O(H(TIIATlOH LUIGnl fW SAIII'\.LII 011 COM IAII"[L 

S8 Top 9": 

Ne•t 3": 

Ne•t 2": 
Bot 1 " : 

59 

S10-Top 5" : 

He•t 6 .. : 

Bot 5": 

S11-Top 4": 

Ne•t 2": 
Ne•t 6": 

Bot 4 .. : 

S12-Top 10": 

Sot 8": 

S1J 

•£C • II[COVVI'I' UHOTH 0' SAMPU 1 . See fag e 1 . 
IIOO · UHOnl 0# lOIMO COIIQ >• tN/UHGTM (:(111[0, % 
S • SI'UT S"'OOI SAM I'\.[ 
u • UHOI S T\11111[1) SAMI'\.D 

US • SH«L.e'f TV I[ 
U' • "1(0 ""011 
uo · otrlii&PI 

i lltOIMOW4Ttlt 

SOIL ANO ROCk OE:SCRIPTIONS 

SAND, widely graded coarae to fine aand, "-101 sravel up to 
lfl", "-101 nonplutic finea, brown (SW - SH) 
SILTY SAND, narrowly graded fine aand, "-301 nonplaatic 
flnea, 'tratifled, dark olive ~ray (SH) 
STRATIFIED SILTY CLAY (CL) 
Similar to Silty Sand above (SH) 

SILTY SAND, widely ~raded coarae to fine aand, "-201 
nonplaatic flnea, brown (SH) Sample contained a 2''-thick 
layer of stratified silty fine 'and. Sample contained "-101 
gravel. 

SAND, narrowly -raded med. to fine aand, "-101 nonplaatle 
flnea, "-IOl coar'e tand, stratified olive brown (SH-SP) 
Section contained a 1fl"-thick layer of 'tratifled 1ilty 
clay 
SAND, widely ~raded coarae to fine aand, <51 nonplaatic 
flnea, brown (SW) 
SILTY SAND, narrowly graded fine eand, "-251 nonplaatic 
finee, dark olive brown (SH} 

SAND, widely graded coarae to 
f1nea, ~ray and brown (SW-SH} 

fine aand, "-101 nonplucie 

STRATIFIED SANDY CLAY (CL} 
SAND, widely graded coarae co tine •and, <51 nonplutie 
fine1, brown (SW) 
SAND, narrowly graded fine aand, "'101 nonplaattc finea, 
brown (SP-SM) 

SILTY SAND, narrowly ~raded fine aand, ~301 nonplaatic 
finea, ltratifled, dark olive gray (SM) Section contained 
two 1/4"-thick layera of 11ed. to fine sand. Section con
tained three Layera of fine aandy 1ilt Layera of up to 2" 
thick. 
SAND, widely graded coarae to fine aand, noatly med,, ~101 
gravel up to Tfl", "-101 nonplutlc f1nu, brown (SW-SH) 

SAND, widely graded coarae to fine aand, "-101 nonplaatlc 
flnea, brown (SW-SH) Sample contained two 1,t."-thick 
Layera of ttratifled aandy tilt. 

RE-EVALUATION OF THE SLIDE lN THE 
SAN FEIUfANOO DAH 

OAT'l J/10 /86 
~8S669 



BORING LOCATION s u S. l~ l l 2 • s 

INCUNAT10N Y•rUcel BEARING Me 

CASING 10 !!g' yud CORE SIZE !!• 

E:L 

"· 
" 39 
I-

I-
I-

f- 40 
... 
... 
... 
~ 

1- 41 
~ 
... 
~ 
~ 

~ 42 

" ... 
~ 

I-

I- 4) 

~ 
I-
I-

I-

I- 44 
I-
I-

~ 
I-

I- 45 
I-

I-
... 
~ 

~46 
1-

~ 
~ 
I-

I-- 47 
I-

I-
~ 
~ 

1- 48 
1--

1--

~ 
~ 

~ 49 
1-

~ 
~ 
~ 

r- 50 
1--

1-
1-

~ 

~ 51 
1-
~ 

I-

I- S2 

TYPE BLOWS PE:N REC 
a11f PER 
kO 6 IN . IN. IN. 

514 

515 

S16 

517 

S18 

S19 

S20 

8 
10 , 
12 

10 
8 
) 

1 1 

6 
6 

12 
6 

4 
10 

9 , , 

6 
10 
6 
8 

10 
12 

24 17 

24 1) 

24 20 

24 17 

24 16 

9 24 15 
7 

) 

6 
8 , 24 18 

GROUND ELEVAT10N( NOVO._) --'o.lll·o~nw.~l...__ OAT£ START/F'INIStt ZIZ0-85 ~9/24185 SIll 
TOTaL DEP1l1 (FT.) ___ 1:.:94:.;.:.::.0:.._ ____ ORtu.£0 BY f. st ... an, WI!SICOE 

GROUNDWATER EL. Nltl) DATE • LOGGED BY I I PcrkJqe OA'TBIZD1)4/ft\ PO. 4 OF 8 

S I 4 ·Top 4" : 

Next 1": 

Bot 10": 

SIS-Top 4": 

Next 6": 

Bot 6": 

S16-Top 14": 

Bot 6": 

S17-Top 5": 

Next 6": 

Bot 6": 

S18 

SOIL AND ROCK DESCRIPTIONS 

SILTY SANU, narrowly AUilad tlne sand, "'201 nonplaatic 
flnea, brovn (SH) 
SANDY SILT, al. plaatic finea, "'351 fine aand, atratlfled, 
dark ollve (HL) 
SAND, videly sraded coaraa to flne aand, "'101 nonplaatlc 
flnaa, brovn (SW-SH) Sectlon contained tvo J~H·layera of 
undy ellt 

SAND, vtdely ~raded coaree to fine eand, "'101 •ravel up 
3/8•, ~101 nonplaetlc finea, brovn (SW-SH) 
SILTY SAND, narrovly ~raded ftne eand, "'201 nonplaatlc 
flnea, dark olive (SH) Section contained one lfl"-thick 
layer of coaree to fine eand. 
SILTY SAND, sl111lar to top 4", (SW-SH) 

SILTY SAND, narrovly Araded flne aand, "'251 nonplaetlc 
flnea, dark olive (SH) Section contained three 2''-thick 
layer• of coarea to fine eand located at top, atddle and 
bottoa of aection. 
SANDY SILT, al. plaetic flnee, "'401 floe sand, stratified, 
dark ollve (HL) 

SANDY SILT, el. plaatlc flnaa, "'501 flne aand, atratlfled, 
dark olive (KL-SH) Occ. thln layara of ailty 
clay. 
SAND, vldely Araded coaree to flne eand, <Sl nonplaetlc 
flnea, brovn (SW) Sectlon contained one 1fl"-thlck layer 
of silty floe eand. 
SAND, narrovly graded fine eand, '\.101 nonplaatlc flnea, 
101 aed. aand, brovn (SP-SH) 

STRATIFIED SANDY CLAY, SILTY SAND and SANDY SILT, (top to 
bottoa) Gradual tranaltlon froa aandy clay to allty aand. 
Deacrlptiona of each layer are aa follovat 
SANDY CLAY al. plaatic flnea, "'201 fine aand, atratifled, 
dark ollve (CL) 
SILTY SAND, narrowly sraded flna aand, "'401 nonplaatlc 
f1nea, dark olive (SH) 
SANDY SILT, non to 11. plaatlc finea, "'401 flne aand, dark 
ollve (HL) 

S19 Top J"t SANDY SILT, tl. plaatic tinea, "'301 fine aand, atratlfled, 
dark olive (HL) 

Bot 12": SAND, videly Rr&ded coarae to flne aand, moatly aed. 
'\oiOl nonplaatic flnea, brovn (SW-SH) 

520 Top 5": 

Next 3": 

Next 4": 
Next 4" : 

Bot 2" : 

SANDY SILT, al. plaatlc flnea, "'lSI fine aand, atra
tified, dark olive (HL) 
SAND, videly Rraded coarae to fine aand, "'101 nonplaatlc 
finea, brovn (SW-SH) 
Similar to top 5" (HL) 
SAND, narrowly graded fine aand,,101 nonplastlc finea, 
brown (SP) 
Si~ilar to )'' SAND layer above (SW-SH) 

II..OtrS I'( II I ·o40ll fWIIwtll 'AlLIWG )()- TO 0111~ AI Oltl 00 NOTES 
SP\.1 T SPCOO< S&WP\.(11 

P(JI·I'[H[TIUTlOwltHGn.OfS&wPUIIOIICOMIA,.M~ 1. See Page 1. 
"£C: • II(C:ovtl"' lLN(fTH 0' S&WPU 
ftOO"UHGn. Of SOUND COII£'5 >4oll /lLHOTM COII[O, ">'• 
S • SPI.tT SPOOif SAW Pl.( 

u· UNOISTUIIKO S&WI'lD 
US • SH(LIY TUII[ 
U' • ,11(0 "'STOll 
uo· OST(M(M 

i lltOUIIOWAT[a 

UO"O(NISOII 
UP• 1'1 Tl:H(JI 
uo·ut 

RE-EVALUATION OF THE SLID£ IN THE 
LOWER SAN FERNANDO DAM 

OWJIWICA&......-- DIG. 
,..... a _,.,.. 

OAT& J/10/86 
I"MWRT 85669 
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BORING LOCATlON ,,, 5 t l :i ,,,., GROUND ELEVATlON ( NGVD) 10 95 I ....1..~.~.:&;~--- DATE START/FlNISH '12ota5 /-o!?o,t''\ Sill 
INCUNATlON Verucal BEAAtNO ... TO'Tll DEPTH (FT.) ! 04.0 

CASING ID Ngt !I!Cd CORE SIZE Nt GROUNDWATER EL. .,.u DATE 

_ __;:..::;::.:.:.., _____ DRILLED BY '. ~uvart, W'-"/COE 

LOGGED BY J.R. Psrl!tn• DAmtz0-24/ §5 PG. 5 OF 8 

EL OEPTl4 SAMPLE REMARKS 

TYPE 
ond 

'f. n . NO. 

521 

57 

58 

59 

60 

61 S25 

BLOWS 
PER 
6 IN. 

l 
12 

7 
8 

7 
s 

1 1 
1 1 

8 
12 

PEH REC 

IN. IN. 

24 18 

24 18 

1S 24 19 
11 

10 
1) 
18 24 15 
16 

8 
13 
12 
1 1 

11 
12 

24 15 

20 24 18 
25 

13 
15 
20 
25 

17 

I U)WS I'( II • "•t 40 l.a ...Wiol(ll 'ALUNCI 30' TO OliN( &I 011 NOTES 
$1"\.t T SI'OON UMI"\.(11 . . 

SOIL AND ROCK DESCRIPTIONS 

521-Top ·· : SANDY SILT, el. plaetlc flnee, ~401 flne 
dark olive and dark brown (HL) 

eand, etratlfled, 

Neat 5• : SAND, widely sraded coaree to flne eand, ~101 flne sravel, 
101 nonplaetic finee, brown (SW-SH) 

Neat J• : SILTY SAND, narrowly ~raded fine eand, '1.201 nonp Lu t lc 
tinee, dark brown and dark Rr•y (SH) 

Next 4" : Si•llar to top 4" (HL) 
Bot 2": Similar to SAND above (SW·SH) 

S22-Top 3" : SAND, widely ~raded coaree to fine eand, ~oetly aed.,'l.10l 
nonplastic fines, brown (SW-SH) 

~ext 5" : SANOY SILT, sl. pl aetic fine~. ~451 fine eand at t op of 
section decreaeinR co ~201 fine sand at botto~ of section, 
stratified, brown (HL) 

S23 

S24 

Bot 10" : SILTY SANU, narrowly ~raded fine sand, ~1 01 nonplaetic 
finee, brown (S P·SH) Section contained two 1n"-th1ck Layer• 
of coarse to fine eand. 

SAND, narrowly ~raded aed. to flne eand, ~101 coaree eand, 
101 nonplaetic finee, ecratifled, olive brown (SP-SH) 

SAND, narrowly ~raded ~ed. co fine eand, ~oetly fine,'l.10l 
nonplaetic flnee, brown (SP-SH) Saaple contained cwo 
1n"-thick layer• of coer•• to fine eand. 

S25-Top 7" : SAND, narrowly sraded aed. to fine eand, '1.201 coaree eand 
and fine ~ravel, <51 nonplaatlc finea, brow~ (SP) 

Bot 8" : 

526 

S27 

SANDY SILT , non-plaetic,-40t fine eand sand, stratified, 
brown olive ( HL ) 

SAND, narrowly sraded aed. to fine eand, aoecly fine,'l.10l 
nonplaecic finee, brown (SP-SH) 

SILTY SAND, nerrovly ~raded aed. co fine eand, '1.201 
nonplaetic fi nee, brown (SH) 

l'fN ' I'(N(ll!ATlON L[lj(;TW or ,AWJIUII 01' CQI!f l&llll(l 
II(C ' IIfCOYVI'f L.OGTM 0 ' uwPU 1 . See Page 1. 

RE-EVALUATION OF THE SLI DE IN THE 
LOWER SAN rERNANDO DAH IIOO · UNOTW or SOIMO COI'O >4 t ll /~ COMO, % 

S • SI'UT S~ IAMJIU 
U • UNOISTVItKD 1&1111"\.0' 

u S • SHf:Lkf T\11( UO • OOIIIC* 
Uf • ,.,[0 I'ISTOII U''l'l'n:Mt:ll 
uo· OIT[IIKIII Ul' llt 

i I ltOUIIDWA Tilt ·=· llCiiiii.!'!:!:~=IMQ. ·=· ....... _ ..... 3/ 10/86 
85669 



GROUND E~AT1CN(NGY0' \022.1 OAT£ START/F1NISH !tlO!U /- ''Z41U sIll 
...... .__TOTAL DEPTH (FT.) !04.0 DRILLED BY r. !trert. 11[$/CO! 

--'i1A-.-'GROUNOWAT£R £L.. 'Ill) DAT£ L.OGGEO BY I I trrl!lpe OAT£,/ZO.?Ie!ft$ PO. 6 Of 8 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

22 
38 

529 28 24 14 

530 

27 

16 
24 
19 
16 

8 
1 1 

24 15 

531 13 24 14 
12 

532 

SJJ 

4 
3 
8 
7 

10 
13 
~ 5 
12 

24 16 

24 14 

[MARkS 

527 

5211 

SOIL ANO ROCK DESCRIPTIONS 

See prevloua pa-e. 

SILTY SAND, narrowly sraded fine eand ~301 nonplaetlc 
flnee, brown and ollve ~ray (SH) 

S29-Top 8": SAND, widely ~raded coarae to fine und, ~101 -ravel up to 
1n••, ~101 nonplaatlc flnea, brown (SW-SH) 

SJO 

Bot 6'': Freshly broken weathered ~ravel 

SAND, widely sraded coarae to fine aand, ~101 &ravel up to 
In", ~101 nonplaatlc flnea, brown (SW-SH) 

Slt-Top 5": SANOY SILT, al. plaatlc flnee, '1.501 flne und, olive 
brown (HL-SP) 

Bot 9": SILTY SAND, narrowly ~raded aed. to fine aand, ~201 
nonplaatlc finea, '1.101 coarae aand, brown (SH) 

532-Top 11": SILTY SAND, narrowly sraded !lne aand, '1.401 nonplaetlc 
flnee, brown (SH) 

Bot 5" : SAND, narrowly ~raded flne aand, ,101 Med. sand, '101 
nonplaatlc flnea, brown (SP·SM) 

2) 
s 33 SAND, narrowly ~raded, med. to fine eand, '1.301 nonplaatlc 

flnea, brown (SP-SH) 

IILOW1 '£" • ·••o ~ ><&will!• '•LuNG )C)· To 011111( A z OIN oo NOTES 
SPLIT SPOOO. UWI'UII 

P(N'I'(Iij(Til&nOH UHGnt 0' ~PUll 011 CCII( IAIIII(L 
II((· II(CO\IU'r LfHGTM Of ~ 
1100 •LfHG nt 0' 501.WO COIIO > 4 lit I Lf HGT'H COII[O. 'Ye 
S • S "'-! T S 'DDt~ S. w "'-!( 

u· UHOIST'UI'IKO S.WIOLD 
US • SM[L8T T\18[ 

u' · fll[O "'"Oif uo· OSTtiiK!Wa 

i IIIOUIIOWATtll 

1. See Page 1. 

2, Sample described ln L'aboratory. 

RE-EVALUATION OF THE SLID£ IN THE 
LOW ER SAN FERNANDO DAH 

0801 WCHWICAL ~DIG. -.o........ _.,.. OAK 3/10/86 
~ 85669 



I BORING LOCATION su h" qz•s GROUND ELEVAnON(NGVO) ___ .:.;I0::.:9~5.:.:.1~ 
i 

DATE START/F1NISH9/20/§5 /qtZit/85 sIll 
INCUNAnON Yertlul BEARING HA TOTAL OEPTM (FT.) !Q4.0 ORIL' EO BY E. S'aiii:E WE:UCCE 

CASING 10 Hot uud CORE Sl ZE NA GROUNDWATER El.. _..:"~~ll1_1_ DATE • LOGGED BY 1 a. Pcrlrtna DATE PG. 7 0, 8 
f:l. 

"· 

79 

80 

81 

82 

83 

8ft 

85 

86 

87 

88 

SAWPl.f: 

TYII'£ BlOWS P£H Af:C 
111411 Pf: A 
NO. 6 IN. IN. IN. 

534 
2 
4 

14 
16 

6 

24 19 

535 8 24 18 
1) 
12 

4 
S36 6 24 19 

9 

537 

S38 

12 

8 
12 
9 

10 

5 
7 
8 

10 

24 20 

24 19 

R EMAAICS 

S34-Top 14": 

Bot 5": 

2) 
53~ 

2) 

S36 

2) 

S37 

SOIL AND ROCK DESCRIPTIONS 

SILTY SAND, narrowly graded flne tand, ~3~1 tl. plaatlc 
fine•, dark olive brown (SH) 
SAMO, narrowly ~raded med to flne tand, ~~~ nonplaaclc 
flnea, brown (S~) 

SILTY SAND, narrowly graded med to flne aand, '401 nonplaatlc 
fines, brown (SP-SH) Sample contained one J"-thlck layer and 
one 1~"-thick layer of sl. plaatic sandy silt. 

SILTY SAND, widely ~raded coarae to fine tand, aottly 
fine, ~01 nonvlaatic flnea, brown (SH) 

SAND, widely ~raded eoarae to tine aand, ~Ol nonplaatlc 
fLnea, dark brown (SH) 

S38-Top 6": SILTY SAND , widely graded coarae to fine und, ~ 201 nonplaat1c 
finu,- 101 gravel up .It", brown (SH) 

~ext 7" : SILrt ~AND, narrowly Araded fine sand, ~301 nonplastlc 
fines,,!~% aed. aand, brown (SH) 

Sot 6": SANDY SILT, sl. plaacic flnu, ~401 fine und, dark olive 
brown (HL) 

S39-Top 6": SILTY CLAY, Nod. plaatlc finea, ~101 very fine tend etra• 
tified, dark ~ray and dark brown (CL) 

Qp • 2.3, 2.S, 2.8 tsf 

Approximate Interface - Hydraulic Fill 

6 
17 
3) 
26 

t---·-- ---- Alluvium 

89 S39 

90 

540 

18 
16 
20 
20 

24 19 

24 15 

ILOWS ~[II I · .,40~ 1\AIIWII 'ALUNG )()" TO OfiNI! A I Ollf 00 NOT£5 
SI'UT 5'00N SAII"-[11 

P!N "P(N('IJIAnO" l .[NG'Il4 Of SAWJIIUII 011 COM IAIIII[L l · 
II(C 'II[CQVUY UNGTH 0' SAIIPU 

IIOO·UNG'Il4 OllOUID COlin )41 .. /UJfOTM CDII[O, "• 2 
S • SI'UT 111'00411 SAIIfll.l ' 
u· UNDIIT\.01110) SA.IIfii.D 

us · SH£ll'f run uo·ooo~ u' · "1£0 I'IST<* V"''I'IT'CH[II 
:10' OSTtiiMM 1.10"811 

i t~OWATtlt 

~ext 8"1 

Bot 5": 

S40-Top 7": 

Bot 8" : 

See Page 1. 

SANDY CLAY, aL. plaattc finea, ,301 coarse to fine eand, 
blackish Rray (CL) 
CRAVELLY SANDI widely Rraded coarae to fine sand, '151 
Rravel up to ~~~.~s1 nonplaatic fines, dark &ray (SW) 

CRAVELLY SAND, widely Rraded coarae to fine tend, ~201 
gravel up co 3/4'', 51 nonplastic finee, olive (SW) 
SANDY SILT, al. plaacic fines, '3Sl fine 1and, ,51 med. 
sand, black (HL) 

Sample described in 
Labora tory. 

RE-EVALUATION OF THE St::E IN THE 
LOWER SAN FERNANDO DAH 

<t> GWI WCHMICIA&.L =:::=::Dill 
• Q ......... w _,.. 

OA~ 3/10/86 
-o.n 85669 



BORING LOCATION 5t• S•l5 I m ·so ROUND EL..EVAnON tNGVO) 'o"ot DATE STAAT/flNISH •onm /- 9CZC.II!$ SIll 
INCLJNAT10N Y•rtlrel BEARING NA TOTAL DEPTH (FT.) 104 Q DRILLED BY ro $[exert 'jWCpr 

CASING ID Not ,. .. d CORE SIZE N& GROUNDWATER EL. Na1> DATE LOGGED BYJ.I. Psrklrt DATE?t20-24m PG. 8 Of 8 
[L DEPTH SAWII'l[ 

nll't .. ,. 
,T. "· NO. 

91 

540 

92 

93 541 

94 

95 542 

96 

97 S43 

98 

99 
544 

100 

101 S45 

102 

103 
$46 

ILDWS 
PE" 
liN 

18 
16 
20 
20 

6 
7 

15 
17 

5 
10 
13 
16 

6 
8 

13 
26 

8 , 
23 
27 

26 
33 
34 
40 

30 
30 
43 
40 

II'£H "EC 

IN. IN. 

24 15 

24 24 

24 21 

24 17 

24 20 

24 16 

24 17 

elDws '£" , ··o••oUI HAMiotfll ''LUtjG )()"TO 011•vr a z o.,..oo NOT 
SPliT 5'0001 S&IOP\.(11 

SOIL ANO ROCK DESCR.,TIONI 

541 Top 12": SILTY SAND, narrowly ~raded fine aand, ~01 al. plaatic 
finea, S1 aed. aand, black (SM) 

Bot 12": SANDY CLAY, aed. plaatlc fine•, ~251 very fine •and, black 
(CL) Several ••all pockeca of &ray eilty aand. 

S42 

543 

S44 

S45-Top 8": 

Bot 8": 

546-Top 8": 

Bot 9": 

SANDY CLAY, sl. to mod. plattic finee, ~151 fine sand, ~51 
med. sand, black (CL) Several emall pocketa of gray tilty 
fine eand. 

SANDY CLAY, el. to aod. plaetic fine•, ~201 med. to fine 
aand, moacly fine, olive Rray (CL) Sand content deere•••• 
and plaetieity iner••••• with depth. 

SILTY SAND, narrowly graded flne eand, '401 non to el. 
plaetie finee, brown and olive gray (SM) Fine• content 
deer••••• with depth of eaaple. 

SILTY SAND, narrowly graded fine eand, ~301 nonplaetie 
finet, olive ~ray (SM) 
SILTY SAND, narrowly Rraded fine tend, ~201 nonplaatie 
finee, olive brown (SM) 

SAND narrowlv Rraded ~ed. to fine eandl ~51 nonplaetic 
fine;, Rray (~ P) Section conta1ned a I n•• piece of freshly 
broken ~ravel. 
SAND, widely Rraded coarae to fine eand, ~51 nonplaetlc 
flnee, ~101 gravel up co tn••, brown (SW) 

Bottom of Borehole - 104.0 ft 

P(N I P(!I(TII&TION L(NGTW ~ S.W"UII ell' (ell'[ 1&1111!1. 
ll(tolltcovvrr LLHGTM o' s.w'Ll 1. See Page 1. RE-EVALUATION OF TilE SLIDE IN THE 

LOWER SAN fERNANDO DAH IIOOOUHOTW ~ ~0 alMS >••N~LlHOTM COII(O,,.• 
S ·SPliT SI"OOH S&WPl[ 
U 0 UHOII TIJRIO) S.WPlD 

US o SH[\.8Y 1'118£ 
U' • fiJ[D I'ISTI:III 
UO • OSTVIIPI 

i tltOUNOWAT(II 
o..,a IICWK:AA. ~oUf•&M DC. 
~ ..... = 0 _, .. 

O&Tt )/10/86 
PIIOJ£CT 85669 



BORING LOCATION Sta 16•35 , 54.0'N GROUND ELEVAT10N(NGV01 111 4 .6 DATE START/FlNISH 10111/11~ _/- 10/11/ 11~ 

.NCUNATlON Vertlce l BEARING NA TOTAL OEPTM (FT.) 70 . 1 ORII I EO BY [ , Stewart , liES/CO! 

CASING 10 Ngc u u d CORE SIZE NA GROUNDWATER EL ul) OAT£ LOGGED BY J , B.Psrl!ln• DATE 10/11 / 05 

EL SAWIIi'LE R EWAAkS 

TYIIi'£ IILOWS P£H A£C 
SOIL AND ROCk DESCRIPTIONS 

0110 PElt 
H n . NO. 6 IN. CW CM 

111 .. . ~ • u 2) 
• 
• . 
- 5 
• 
• . 
• 
... 10 
r-
r-
f-
f-

r-- , 5 
1-
1-

f-
f-
f- 20 
f-
1-
~ 

f-

1- 25 
... 
1-
• 

• 
- 30 
• 
... 
• 
1-
r-- 35 
1-

1-
f-
f-
~ 40 
~ 

1-
~ 

~ 

r-- 45 
• 
... 
~ 

... 
- so 
--
• -
- ss -
-
~ 

r-
r-- 60 
r- Uf1 PUSH 61 . 5~ 1. 2 

UF'1 - Botto• Trimaina•. (CL) tri.med to (SP) 

r-
... 
~ 65 

UF'2 PUS H 6 1.( 60.6 

IIFJ P11 <: ilF.n I~ Qc; 

eL.Ows "f" • , •• 0 1..1 ""wllol(ll ' 'W NG 30 TO 0111~ a t.o• oo 
S"'-tf S"OOIJj SA"~" . 

UF'2 - Bo ttom Trlmmi nas, CSW-SP ) 
UFJ - Bo ttom Tri mmi ng•, (SP) trimmed t o (CL) 

NOTES 

UI02 

fl!( .. I fl!( II( lll ' T1 0 .. \. (" c; n. 0' SA WIIU " ell' COlt( I &1111( I, 
A£t, ~tftOVf"' u"" " o, s.twP\.L 

lt'JO'U"On. 0' ~0 COI'O > • •IJj / \.VfOTM COitfO, % ' I S"-.JT SI'OOJI SolWI'I.L 

1) Groundwater l eve l s not recor d 
ed becau1e bentonit e d r illing 
mud used t n boreho l e vou1 d 
produce I naccura t e readi ngs . 

RE- EVA LUATION OF THE SLID£ I ~ THE 
LOWER SAN FERNANDO DAH 

V' V" OIS T\1111(1) S&W"'-D 
v s I SMfl iT T\11( v, I "J(D "'"ON vo. otf(lti(M 

i IIIOUIIOW&Ttlt 

2 ) Boreho l e advanced us in~ •tan
care:; r o ta ry wash bortns proce
du re• vt t h a bentonite drill
i na •ud . Cl eaned out borehole 
vlth • 4" rt1h t a1l bit v1th 
uoward 'et ttn• 

OA~ 11/4/85 
........,. 85669 
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BORING LOCATION su li•n. 54,0•11 

INCUNAT10N V.rtlcal BEARING NA 

CASING ID Not uud CORE SIZE NA 

GROUND EL£VAT10N(NGVD'lL -~~~~14:.:,.!..6 --

TOTJU. DEPTH (FT.) _ _;,::,0:.:,;· 1::...., ___ _ 

GROUNDWATER El. 1111
1 > DATE • 

DATE START/F1NISH 1018115 /-1018185 

DRILLED BY r. Stswtn. IllS/CO! 
UI02 

L.OGGED BY J.a. Pu1tt11e DATE 10111/115 PG.2 0' 2 
[L DEPTH SAM .. l£ RtMARkS 

TY .. [ BLOWS ~ REC 
Ill. PU 
~0. I IN. '"' CM ,T, "· 

1049.6 ~ 6) .... , ·;:.;;u ll' '>'I.~ 
~ Urto PUSH 61.1 j60.6 
t-
~ ur5 PUS II ~O.l 59.9 
1- 70 
t-
t-
• 

--
~ 

~ 

~ 

~ 

1-
~ 

~ 

~ 

1-... 
~ 

~ 

~ 

~ 

1-
~ 

~ 

~ 

~ 

1-
p.. 

• 
• -.. 
.. 
~ 

~ 

1-

~ 

f-
p.. 
1-
~ 
p.. 

• .. 
• -
~ 

~ 

1-
~ 

1-
~ 

---
~ 

~ 

~ 

1-
~ 

81.0WS 'lll I ··140UI "-llollwP '&LUIIG :10" TO 011111( AI.OIH 00 
SPUT VOOH SUO"UII 

P(N 'P(H(TIII&nOH L(HCi T'ol 0' !.Aioii"UII 011 COM; I&IIII(L 
II(C ·lltCOVtiiT UNCHH O' !.AioiiiU 
IIOO·UNGlll 0' ~0 COIIQ )4nt/UNGTll COIIlO,% 
S • SI'IJT SI'OOH SAM"U 
U' UHOIITUII8tD SAMII\.0 ' 

US • SH[l8Y TV8[ 
uF ·"XED "STOH 
UO • OSTliii(JIQ 

i 0 ltOUIIOWAT£11 

uo· OOfiSOII 
UP' "ltH(II 
UG'UI 

SOIL AND ROCK DESCRIPTIONS 

UFJ - See previous paAe. 

UF4 - Bottom Trlmmlngs, (CL), 

UFS • Bottom Trlmminss, (HL-SH) 

Bottom of Borehole - 70.0' 

NOTES 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

a a:; a a:::»CWWCAA. ~INC. 

•::a ··~· = _,.,.. 
DATto 11/4/85 
~ 85669 
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BORING LOCATION Sta 9.30, 1 l2 .0• s GROUND ELEVATlON(NGVDl 109).9 DATE START/FINISH 10/9185 /-10/9/U 

INClJNATlOH Yrrtl£•1 BEARING NA TOTAL (FT., •6 o DRILLED BY r. Stewart, IllS/COl DEPTH . __ _::.:o :..:.· :;._ __ _ 

CASING ID Not uud CORE SIZE-:.:.:""::....-GROUNOWATER EL. n 1> DATE LOGGED BY J.a. PerUne DATE 10/9/85 

El 

"· 
109).9 • 0 

• .. 
. 
-s .. 
.. 
.. 
-
~ 10 
~ .. 

-55 

t 
.. 
-60 
• . 
.. 
. 
- 65 .. 
• 
~ 

f-
~ 70 
~ 

f-
~ 
.... 

- 75 
~ 

~ 

~ .. 
-80 .. 
.. .. .. 
- 85 
• 

-.. 
-
-90 -
~ 

~ 
1-

~ 95 
1-

~ 
~ 

~ 100 

SAMPLE 

TYPE BLOWS PEN REC 
Olld PEA 
NO. 6 IN. CM CM 

ur1 PUSH 44.7 )5,2 

Ur2 PUSH 36,9 36.1 

UFJ PUSH 59.6 58.4 

UF4 PUS1J 60.1 59, 5 

lin PUSII 60.8 60.2 

REMARkS 
SOIL AND ROCK DESCRIPTIONS 

UF1 • Botto• Tr1n.1n&o, (SH), 

UFZ - Botto• Trtm.tnao, (SP). 

UF3 • Botto• Tr1~1nso, (SP), 

UF4 - Botto• Trt .. tnao, (SP-SW). 

UF5 - Botto• Trt .. tnao, (SP), 

Bottom of Borehole • 86.0' 

II.OWS •t• • ·••o~ ...., • ._ ,.LU~ 30" TO D~~Ntaa.o ... oo 
S"'.JT s•OON UW"'.[It 

NOTES 

U I 0 3 
PO. I 0, I 

~~~ · ea«nt.&l\011 ~tHGTH OF SAWP\.tlt ()It COitf IAIIMI. 
II(C • •(Covt!'f I...(IIGTH OF SAWPU 
JIOO •I..[Ht TH OF SOUtO COI'IO > 4 tN I I.!~ C0.-[0,% 
S • SI'Uf SI'OON IAMPU 

1 ) Groundwater levelo not recorded 
because oentonite drilling mud 
used in borehole would produce 
inaccurate readlnso. 

RE-EVALUATION or THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

u • 1.4'1011 n.tMD SAM J111..0 · 
us • SMt:\lr T\11[ u' · "UD "'ll'ON uo·osTtMPe 

i 0"01 I IMfU 

2) Borehole edvanead uain& atandard 
rotary waah bortna procedures 
with a bentonite drtlltns mud, 
Cleaned out borehole with a 4" 
!iahtail bit with upward jetttna 

OAT& 11/4/85 
"'GoUT 85669 
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BORING LOCATION Sta 9·10, 7l.l•s GROUND ELEVATlON ( NGVOl 1114.5 DATE START/FINISH 10t5/115 /'1016/115 UI04 INaJNATlON Y•rtteal BEARING "" TO'ru. OEP'nt (FT.) 115.0 ORILL£0 8Y '· st ... art I wtS/CO! 

CASING 10 'lot ue..t CORE SIZE lfA GROUNDWATER EL. Nll) DATE . LOGGED BY J.l. PerUfle DATEl0/5•6/115 PO. I 0, 2 
tL Dt'TH SAW,Lt #t tMAitkS 

TY,£ BLOWS P£ .. REC 

'"' PER 
,T. "· .. o. 6 .... CM CM 

1114.5 ~ 
0 

~ 

~ 

~ 

t-5 
~ 

~ 

~ 

~ 

1- 10 
~ 
1-.. 
ro 
~so --- I -
-55 I 

' - I .. -
~ 

1- 60 
f-
f-

1-
~ 

1- 65 
~ 

--- Url PUS II 61.3 60.7 
1- 70 
ro Ut'2 PUS II 60.7 ~0.1 
f-
f- urJ PUS II 60.7 59.6 
f- 75 

""'" 
UF4 PUSH 61.0 60.1 

1-
1-
f-
f-

~80 
~ 

~ urs PUS II 60.2 57.4 .. 
f- Ur6 PUSH 60.2 511.7 
1- 85 
1-
f-

1-
1-
f--90 
f. Ur7 PUSH 55.11 5),4 
1-
1- UP'S PUS II 59.11 1511.11 
1-
~ 95 UF9 PUSH 55.11 155.11 
... 
t-
1-

... 100 

III.OWS P£11 6 "1•01.8 HAIUitll 'AlUIOG )O'TO OIIIV( A Z OIN. OO 
SPliT SPOON SAWI'\.(11 

P(N • P(N(JJIAnON l£NGTI< ~SAW PUll 011 COllE IIAIUI(L 
IIEC • IIECOV£Jn' UNG fH 0, SAWPU 
IIOO·UNGTI< ~ SOUHD COlin >41N /UHGTM COIIfO, "• 
S • S'Uf SPOON SAW I'\.( 
u· UNOIUVIIII(D SAWP\.D 

US • SH(I.IIY fUll( 
Uf • "X£0 PISTOH 
uo· OSTfiiiVIO 

~ 0 ltOUII OWA WI 

IJO· O(NISOII 
UP', IltHUI 
uo·u• 

SOIL A,.D ROC~ DtSCRI,TIONS 

UF1 - Bottom Trimmina•. (CL-HL). 

UF2 - Bottom Trimmin&•. (CL). 

UF3 - Bottont Tr1aun1na•, (CL). 

UF4 - Bottom Trlmmtna•, (CL). 

UFS - Bottont Tr1ntm1na•, (SP). 

UF6 - Bottom Tr1mm1na•, (SP). 

UF7 - Bottom Tr11111111n&•, ( SP). 

UF8 - Bottom Tr1mm1n&•, (SP). 

UF9 - Bot tom Trimmings, (CL). 

NOTES 
1) Groundwater 1 eve 1 s not recorded 

bec ause bentonite drilling mud 
used in borehole vould produce 
Inaccurate readings. 

2) Borehole advanced using standard 
rotary vash borina procedure• 
with a bentonite drilling mud. 
Cleaned out borehole vith a 4" 
fishtail bit with upward jetting 

RE-EVALUATION OF THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

OWl &SOIICALL =III=FO=a=-=: ...0. 
' ::C I ·-•.. g _,.,.. 

OAT& 11/4/85 
~85669 

. 
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• 

-
• 
• -
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, 

BORING LOCATION Sta 9•30, 7l .1' S 

INCUNATION \'rrt{ca1 BEARING NA 

CASING 10 Sot und CORE SIZE NA 

GROUND EL£VATION(NGVD)_...;l.;..11;...4.;..· 5;..___ DATE START/FINISH 10/5/85 /_ 10/6/85 

TOTAL OEPni (FT.) '15 .0 DRILLED BY r. suvart , WES/COE 
----~~---------

GROUNDWATER EL. '1111 > DATE - LOGGED BY J.ll. Perklne DATE 10/5-6/115 

U I 04 
PG.2 OF 2 

EL. DEPTH SAW P L. [ R EWARICS 

TYPE BLOWS PEN REC 
ond PER 

n . NO. 6 IN. CW CM 

1014.5 ~ 
100 

~ 

--
- 105 - UrlO PUS II ~9.11 J9 ,6 UF10 - Botto• 
-- 11111 PUSH ~3.4 :.1. 2 UF11 - Bottom 
,_ 
~ 110 UF12 PUSH 24.6 '3 . 9 UF12 - Bot toll 

~ 

~ 11113 PUSH 57.6 S6.0 UF13 - Botto111 
~ 

~ UF14 PUSH 60.S 160.1 UF14 - Bottom 
- , 15 .. 

~ ,... 120 ---.. 
-.. 
--
----
~ 

~ 

~ 
~ 

~ 

f-

"'" 
~ 

f-
~ 
~ 
f--.. 
.. .. 
... -------
f-
f-
~ 

f-. 
~ ,_ 
.. 
~ 

I\.DW1 ,( •• '140~ KAIItllf(ll " lUIIG lO'" TO 0111\11 & LOll 00 NOTES 
S'ltT SPOOII 5AW'lfll 

I'( II " I'(H(TJIAT1011 ~V.G~ O' \.AW'llll 011 COli( UIIII(L 
II(C • II(COII(Jff U:ltGT" O' UW'l( 
IIOO· UHGTH 0' ~0 COlla >4111/U:NOTM COitl0,"1. 
S • S"-.1 T I 1'0011 S&III'U 
U • UHOIIT\111101 SAWI'US" 

us· SMtl iT T\11[ uo·O(Jttta~~ 
U'' "UD "STOll UP '"TI:M[II uo· OITVIKitO UO'ICI 

i tltCIUII DW&ftlt 

Trl,.lngl, 

Trt-tnga, 

Trtm11inga, 

Trtm•1ngs , 

Trimmings, 

SOil AND ROCK DESCRIPTIONS 

(SH). 

(SH). 

(SW). 

(SH) . 

(Hl-Cl ) . 

Bottom of Borehole - 115.0' 

RE -EVALUATI ON OF TH£ SLIDE IN TH! 
LOWER SAN FERNANDO DAM 

I Ulo ::=.:.a. 
fill ·-·- 9 - .... 

OAT& 11/4/85 
I l CT 85669 
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• ---.. 
• -
• 
• 
• 
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• 
• 
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• -
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-
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-
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BORING LOCATION su 9·10, ll.4•s GROUNDELEVATION(NGVOI tltt..l 

INCUNATION Verttcal BEARING IIA TOTAL DEPTH (FT.) 100.0 

OAT£ STAAT/FlNISH 10/6/U /-1011115 

DRILLED BY r. Stewart, IIU/COE 
U I 0 5 

CASING 10 Not uaed CORE Sl ZE IIA GROUNDWATER EL. DATE • LOGGED BY J.ll. P'erlltna DATE 10/6-8185 PO. I 0' 2 
[L OtPTH It [MARKS 

"-

1114.1 

I "· 
~ 

0 

;-
.. 
~ 

~ 5 
~ 

~ 

~ 

r-
r- 10 
r-
t-
• 
• 
~ 15 
~ 

1-

t-
t-
r 20 
t-
t-
r-
r-
~ 25 
r 
~ 
~ 

~ 

t--
t-
~ 

~ 
1-

~ 
1-

1-

t-
r-
1-

r-
1-
~ 
~ 

30 

35 

40 

t-- 45 
~ 

t-
t-
t-
t-- 50 
~ 

r-
~ 
t-
1- 55 
I-

I-
I-

t-
t- 60 
I-

I-
I-

t- 65 

TYPE BLOWS P£H REC 
on• PER 
NO. 6 IN CM CM 

Url PUSH I!> 1. 7 60. 8 

Ur2 PUSH ~0.6 ~9.9 

UFl PUSH ~0. 5 ~9 . 7 

~~ l'(lt 6 ·o40ll H&lllltll fALUIIO 50" TO Olll't'( & l 0111 00 
SP\.IT SPOOl! S& .. P\.[It 

P(II"I'(II(TIIIATIOII I.EHGTI< 0' 5-lWPUit 011 COlt( Ulllt£L 
II(C • II(COvtii'Y UHG TH Of S&WPU 

IIOO ' lLHOTI< 0' SOUHO COflf:S )4111/U~ COII(O,"I'o 
S • SI'U T SI'OOIII SAW Pl.[ 

U • VHOI ST\IIII(J) SAWP\.ts· 

US • SH(LIY TUI[ 
UF • FIX[O I'ISTOII 
UO • OST[AUIIG 

i tltOUIIDW&Ttlt 

uo. O(lfiSOif 
UP· 1'1 'n:H(II 
IJG•I[o 

SOIL AND ROCK OtSCRIPTIONS 

UF1 - Bottom Trimmings, CCL). 

UF2 - Bottom Trimmings, (CL). 

UF3 - Bottom Trimminge, (SP). 

NOTES 
1) Groundwater levels not recorded 

because bentonite drilling mud 
used in borehole would produce 
inaccurate readings. 

2) Borehole advanced using standarc 
rotary wash boring procedures 
with a bentonite drilling mud. 
Cleaned out borehole with a 4" 
fishtail bl t wl th upward jettlng. 

RE-EVA LUATION OF THE SLIDE IN THE 
LOWER SAN FERNANDO DAM 

OWJI ........ ICAL~ IMO. 
.......o.e•·- ... - 0 ., ... 

0&~ 11/4/85 
PIIOA:CT 85669 

. 

• -
• 

-
• 
• -. 
-. 
---. 
. 
. 
-. 
. 
-
--. 
• 

-
• -. 
. 
• 

--
• 

----------. 
-----------------



BORING LOCATION Sta 9·10, 21 . 4 ' s GROUND ELEVAT10N (NGVOl 1114.1 DATE START/FlNISH 10/ 6 / 85 /-10/8 / 85 u 10 5 
INQJNAT10N Yertlca l BEARING NA rom DEPTH (n:) 100.0 DRILLED BY r . suwnt, WtSICOt 

CASING ID !lo t u .. d CORE SIZE NA GROUNDWATER EL. 1111
1) DATE....;.·_ LOGGED BY J . ll. Perklne DATE 1016-8185 PG.2 Of 2 

H. 

1049 . 1 

DEPTH SAMPlE 

TYPE BLOWS PEH REC 
01141 PER 

"· NO. 6 IN. CM CM 

O) 
UF4 PUSH 61.2 60, 5 

• 
- ur5 PUSH 60. 6 59.9 .. - 70 UF6 PUSH 61,] 60,4 .. 
-
• 

-- 75 -- ur7 PUsw 62 . 4 61.2 

~ 
~ :sf1 PUSH 60,8 59 ,9 
~ 80 
~ 

~ 

~ 

~ - 85 
!-
... 
... Ul9 PUSI 59,6 58.4 .. 
- 90 UF10 PUSII 62. 1 60 .8 

----- 95 
... 
.. 
.. .. 
- 100 .. 
.. 
... 
... 
-.. 
.. 
~ 
~ -... 
... 
... 
• -
• 
... 
... 
... 
--... ---... 
... 
... 
• 

uru PUSH 59.6 59. 0 

uru PUS II 61.0 59.8 

urn PUSR 60.9 59.8 

UF14 PUSR 60.4 59. 7 

R EMAAICS 
SOIL AND ROCK DESCRIPTIONS 

UF4 - Botto~ Trl~lnaa, (CL) • 

UF5 - Bottom Trlmmlnga, CCL). 

UF6 - Bottoe Tr1.-1ngt, CSP) . 

UF7 - Bott~ Trimalnga, CCL ) . 

UF8 - Bottom Trimmings, CCL ) . 

UF9 - Botto~ Trlm.lnas, CSH-SP ) . 

UF10 - Bottom Tr1 .. 1nga, (SP) . 

UF1 1 - Botto• Tr1-1na•. (CL). 

UF12 - Botto~ Trim. ina•, (CL). 

UF13 - Botto• Tri-tnaa, (CL). 

UF14 - Botto• Tri-lnga, ( HL). 

Bot tOll of Borehole • 100.0' 

tt...Ows ~c-• · ·· -o~ ~'AWIIG JO· ro~u.o ... oo NOTES 
S"UT SP()()fj SAW'UII 

-.: .. ' ~'-(T'II&TlOio I.V.GN 0' ~Will\..[ II Ofl COM IAIIIt[l 
~(C • II(C:ovvrl' l!loGTH 0 ' ~WPL! 
AOO·UfoGN Of~ C011D >4111/U:NGTII COII[O , % 
S • S"UT SI'OOII loUI"U£ 
u· UHOISTUitMD ~D 

RE-EVAlUATION OF THE SliD£ IN THE 
LOWER SAN FERNANDO DAH 

~-IQIIii' -. 
r:a:we• • rr c =nw 

OAT& 11/4/85 
....a.ccT 85669 
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-
• 
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-
• 
• 
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• 
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• 
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• 
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BORING LOCATION St• S.IIO, ll2.0•s GROUND El£VAT10N(NGVDI 1095.1 DATE STARTIF1NISH tt26tn /1omn 
DRIL.L.£0 BY r . St•wert , WU/CO! 

4/26/1$ 
LOGGED BY J ~•~ ,.,k'"' DATE lDllt!S' 

INCUNATlON veo,.ttc•l BEARING NA TOTAL. DEPTH (F'T.l -~.8 

CASING 10 Nat uoecl CORE SIZE NA GROUNDWATER EL.. 'Ill) DATE 

EL DEPTH SA IU' L E 
.___,.._...,...._.,..--....~ 

"· 
I 09~ .I ~ 0 

~ 

~ 

~ 

1- s 
1-
~ 

I-
I-
~ 10 
I-
I-
1-
~ 

1- , 5 

~ 

~ 

i-

- 20 
1-

" 
" ... 
.... 25 
... 
I-
I-
... 
I- 30 
I-
I-
... 
I-
I- 35 
~ 

... 
1-
i-
I- 40 
I-
I-
I-
I-

~ 45 

" .. 
I-
I-
1-- so 
~ 

I-
I-
i-

1--- 55 
I-
I-
I-

I-
.... 60 
I-

I-
f-

1- 65 

TY,.E BLOWS PEN REC 
on41 PER 
NO. 6 IN. CM CM 

I 

UPl PUSH ~0.8 53.3 

UF2 PUSH 61.4 52~0 

UP] PUSH 63.1 63.~ 

UFlo PUSH 61.6 60.1 

11?5 PUSH 60.6 59.! 

UP6 PUSH 53.4 50.; 

I UF7 PU~U )4.4 32 . c 

UF8 PUSII 35.5 35~2 

Ur9 PUSH 60.6 59~l 

UflC PUSH 53.) 51. • 

UPll PUSH 50 . 2 48. ~ 

h EMARkS 

SOIL AND ROCK OESCR"'TIONS 

UF1 - Bottom Trimming1, (SH) • 

UF2 - Bottom Tr1mm1nga, (SW). 

UF3 - Bottom Trimminga, (SW-SP). 

UF4 - Bottom Trimminga, (HL-CL). 

UFS - Bottom Trimming•, (SW) . 

UF6 - Bottom Trimminga, (SP)I 

UF7 - Bottom Trimming•, (SW)I 

UF8 - Bottom Trimming•, (SP). 

UF9 - Bottom Trimminga, (SP) trimmed to (CL)I 

UF10 - Bottom Trimming•, (SP). 

UF11 - llottom Trlmmtnu (!;p} 

II.OWS P(ll 6 ·r• OI..I HAIUI(II 'ALliNG )()" TO Oo'll'l( A Z OIN 00 
SP1..1T SPOON S A .. P\.(11 

NOTES 

Ulll 
PG. I Of 2 

I'(N •l'("l'll'AnON ~EHGTH ~ S&IIP\.LII 011 COli[ IAIIII(L 
II(C • lltCOVt"' UNGTH O' !AIIP\.L 
IIOO'UNGTH ~ SOUHO COM'S >••N /UMGnl COII[O, % 
S • SI'\.IT 51'0001 ~liP\.[ 

1) Groundwater levels not recorded 
because benton1te drilling mud 
used in borehole would produce 
inaccurate readings. 

RE-EVALUATION OF THE SLIDE IN THE 
LC~ER SAN fERNANDO DAM 

u· UOIOISTUIIIto SUIP\.D 

US • SHE~BY lUll[ 
UF • fiX£0 !'I STOll 
UO • OST[RB£110 

i t.-ouNOWU[II 

2) Borehole advanced using 1 tandard 
rotary wash boring procedure• 
with a bentonite drilling mud. 
Cleaned out borehole with a 4" 
fishtail bitwtth upward jetting 

OWl mGCICAL. DtODfDM DIG. 
~e'9W'I• a w o -noe 

OAn 11/4/85 
!'IIO.GT 8 56 6 9 

. 
• 
I 
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• . 
• . 
-. 
. 
. 
. 
-. 
. 
. 
. 
-. 
. 
. 
. 
-
• . 
• . 
-

• 
I 

• . -. 
. 
• . -
• 

• 
• . 
-. 

• 
• --. 
. 
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-. 
. 
----. 
. 
. 



BORING LOCATION ''' 5.1!0. l]Z~Q' s 

INCUNATlON Ynrlcel BEARING NA 

CASING ID Not Ulecl CORE SIZE NA 

GROUND ELEVATlON(NGVDl'-__.1~0.:..95::.:.· .:..1-- DATE START/FINISH 9/26185 /_tO(l/ 85 

IllS/CO! TO'mL DEPTH (FT.) 88.8 DRILLED BY ' · Stewart, 

GROUNDWATER EL. DATE • LOGGED BY J I II I Pulll ftl 
9/2&785 • 

DATElO/ l/85 

U Ill 
PG.2 Of 2 

tL. DE,TH SAW,l[ R [MARkS 

TY,E ••I"Mf$ PEH AEC: 
I lid PEA 

,T. "· NO. 6 IN. c:w CM 

10301 1 . "~ 11 I PUS II -~o-z 48. 9 1 

- l2 PUS II ~ 6 le u .z 
',.. 
~ 

,) PUSH :.2.l 4l.l 

~ 70 
~ 

• rusH S2. 4 51.9 

• .. PUS II 6015 ~9.8 
~ 75 .. l7 PUS II 151.0 50.0 
fo 
·,.. PUSH lt.o I 6 lf,o .1 
rc 
t- 80 PUSH loL l ~O. l 
fo 
fo PUSH 
f-

ifl1.4 ~0.6 

.. 
tl PUSH l6o. 5 ls9. 2 

- 85 ,.. 
I'USK it. l. 7 ~1. 0 

• .. tJ PUSH SJ .S IH.O .. 
-90 .. 
• 
--
- 95 ---
~ 
t- 100 
~ 

f-

f-
1-.... 
,.. 
.. .. 
f-

~ 

-
• .. .. -.. 
------
1-.. 
t-

1-.. .. .. 
ei.OWs "("' ~··o~ KA¥wt:"'" WNC.JOI TOo"'vt:•ZOINOO NOTES 

SII\.IT SPOON SA .. II\.[11 
P(" • fll()t[ Til& no" U!oG.,... 0' s• .. PU" 011 COli£ IIAIIIII( 1. 
II( C • II(C 0\IU'f UNIT 14 0' S.U.OPU 

IIOO·UNGTH 01 ~0 CXli'O >•oN / l.fMI'TH COIIfO. % 
S • SI'Uf Sii'OOII SAMI'U 
U' UHOttTUIIKI) S.WII\.0 

us I '"'~'' fUI( UO'OOIION u, I ,.(0 I'! STOlt UI' ' I'I'YOIUI 
uo·osr~ ua·111 

it-.OWTU 

SOIL AND ROCK DESCRIPTIONS 

Ufll -See previous P•l•· 

UF12 - Bottom Trl-tnas, 

UF1J - Bot to,. Trta.tnas, 

UF14 - Old not uve. 

UF15 - Botto,. Trt-tna•. 

UF16 - Bottom Trl.,.tnss, 

UF17 - Bottoas Trl.,.tnss, 

UF18 - Bottom Trt-lngs, 

UF19 - Bottom Tr lm111lng1, 

UF20 - Bottom Trl111111lngs, 

UF21 - BottOIII Trl111•tnas, 

UF22 - Bottom Trl~N~lns•, 

UF2J - Botto111 Trtt~~~lnas, 

( SP). 

CSP), 

( SP). 

(SH-HL). 

( SP). 

l HL>. 

( HL-SH), 

(SP-SH) . 

( SW) I 

( SH). 

( HL ) . 

BottOII ot Borehole - 88.8' 

RE-EVALUATION OY THE SLIDE IN THE 
LOWER SAN FERNANDO DAH 

OAT& 11/4/85 
""'*' 85669 

• 

• 

• ----
• -
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-
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• 
• 
• ---
• 

-
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• ---
• 
• 
• 
• -
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• ------------
-1 

~ 

.... 
~ 

• 

• 
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• 

---. 
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BORING LOCATION GROUND El.EVAnON ( NGVD'''--..:.1.:.,:09~5.:.:.1 __ 

TOlll DEPTH (FT.) ___ _.::,:ft9:.:.· 0::.._ __ 

DATt START/flNISHl0/10/85 /-10111/85 

DRILLED BY '. Stewart, liES/CO! INCUNAT10N Y.rtlcal 

Sse 5·85, 1l7.0•s U lilA 
BEARING 'fA 

CASING 10 Not ned CORE SIZE NA GROUNDWATER El. Nlll) 
DATE • LOGGED BY J.ll. Perlllftl OAT£10110-11185 PG.I Of 2 

DEPTH EL SAMPLE 1 .. [MAIUtS .,_ _____ .,... 
TYP£ BLOWS PEN REC 
0111 PER 

" "· NO. 6 IN. CW CM 

109~.1 
~ 

ll 

~ .. 
~ 

1- 5 
~ .. 
1-.. 
1- 10 
1-

f-
1-
1-
1- 15 
i-

1-
1-
~ 
,_ 20 
1-

1-
1-

1-

1- 25 .. .. 
~ 

1-
1- 30 .. 
1-.. 
1-

1- 3S 
1-
1--
1-
1- 40 
1-.. .. .. 
- 45 
--
~ .. Ufl PUSH 60.8 61.1 
1- so .. UF2 PUSH 59.8 55.9 .. .. Uf) PUSH 59.7 59,( .. 
~55 UF4 PUSH 60.2 57 .J 
1--

- UF5 PUSH 54.5 53.7 -- UF6 PUSH 58.9 57.9 
1- 60 
1- UT7 PUSH 59.1 57 . 7 
1-.. UF8 PUSH 40.0 )8. 5 .. 

fl'5 IfF"! PII~H 1,11 l 4 7. 2 

IUlW$ '£11 I ·t40La HAWM(II ,AlltHG )() TO Df'tll( A l 011&.00 
SP\.tT SPOOif SAWI'\.(11 

P(lf 'P(If(Tl!A'I101f \.(NGTW ~SAW PUll Oil COM e...-11£\. 
R(C • II(COV£1tf I.LifGTH O' SAWPU 
ROD•I..£1f0l')l ~ SOUHD COIID > 4 tlf /1..£110ll4 COII£0,% 

'· S"'-IT "0011 5111"'-f: 
U • UHDISTUIII[I) SAIIP\.13 ' 

US • SH£\.IY TUif 
ur · "•to ~nON uo· OSTtiiKM 

i tiiOUNDWATf:ll 

VD'DOIISON 
uP·~TtH£11 
UQ'Of:l 

SOIL AND ROCK D£SCIUPTIONS 

ur1 - Bottom Trimratng1, (SP) 

UF'2 - Bot tom Trimmings, (SP) 

UF) - Bottom Trimming•, (SP) 

UF4 - Bottom Trimming•, (SP) 

urs - Bottom Trlmmtnga, ( SP-SW) I 

UF6 - Bottom Trimmings, ( SW) I 

UF'7 - Bottom Trimming•, ( SP). 

UF'8 - Bottom Trimmings, (SP). 

UF'9 - Bottom Trimminga, ( SW) I 

NOTES 
1) Groundweter levels not recorded 

because bentonite drilling mud 
used ln borcl1ole would produce 
inaccurate readings, 

2) Borehole advanced using standard 
rotary wash boring procedures 
with a bentonite drilling mud. 
Cleaned out borehole with a 4" 
flshta11 bit vtth upward jetting. 

RE-EVALUATION Of THE SLIDE IN THE 
LOWER SAN FERNANDO DAM 

OaJI a:::NMCAL 81 I a IN-DC. 
•c::a ...... • = 0 ., .. 

OAT& 11/4/85 
~ !!5669 

. 
• 
• . 
-

• 

• 
• 
• 

-. 
• . 
. -. 
. 
. 
---

• . 
-
• . 
. 
. 
-. 
. 
• . 
-. 
. 
• 
• 

-
• . 
. 
. 
-
• . 
• 

--. 
. 
• 
• 

-. 
. 
. . 
-----



BORING LOCATION Ho ~ .~~~ 117 .o• ~ GROUND ELEVATION ( NGVOl 1095 .1 DATE START/FlNISHl0/10/85 /-lOill /85 U III'A 
I INCUNATION VnUcal BEARING NA TOTAL DEPTH (FT.) __ .::3~9.:.:.0:,_ _____ DRill EO BY_...:.'.:.· ..:S:,:t.:;ev::•::r.:t.:.• _;;wt.:;!:.:I..:CO;.;.:.E __ 

• 

CASING 10 Not uuo CORE SIZE NA GROUNDWATER EL. NRl) DATE • LOGGED BY 1 a Pcr!stpe OATEI.0/10-111!!5 PG. 2 OF 2 
El. DEPTH SAWPl[ R EMAAkS 

TYPE BlOWS PEH AEC 
Ollf PEA 

FT. NO. 6 IN. CW CM 

10)0.1 • 
L 

.,, 
• I - :!FI \) I !'~SH )9 , bf•S.~ 
i 

UF10 - Bottom 

-
''" ' ! OilS If ! 1. 2 '7.2 UF11 - Bottom -

- 70 ::r1 ~ 1'1'SII :r. .1 '4. I UF12 - Bottom 
• . .•rl ! I'US II .,., • 2 ~8 ,II UF13 - Bottom 
-
f.- UFI4 PUS II ~0.0 ·>9. 2 UF14 - Bottom 
- 75 
~ Ufl5 PUSH ~ 6 .1 ~ ) .9 UF15 - Bottom 
f-

f-
UF16 lc>O. 2 1-

PUSH ~9.7 
UF16 - Bottom 

~ 80 ..: rl7 rl'SII nO, J ~11 .9 UF17 • Bottom 
r-
f. UFlll PUSH 110.4 ~9.5 UF18 - Bottom 
f.-

f.- UPJ9 PUS II !10,1; 59.5 UF19 • Bottom 
1- 85 
1- :JF20 PUSH S9,) '.S .c. UF20 - Bottom 
1-
1- UF'2 1 ?US II ~1.1 ~0.6 UF21 - Bottom 
1-
~ 90 
1-
1-
~ 

1-
.._ 95 
~ 

r-
1-.. 
~ 100 .. 
~ 

~ 

~ 

--. 
-
1-

-------
---
--
-
1-

1-

1--
1-

1-
1-
~ 

BI.OW i I' fit 6 ·••ou ....,MVI 'AU.JieG lO ' TO OI'IW 1o z.ow oo NOTES 
SI'UT SI'OCII '"'~[II 

P(N' P(lj(TIUT10" l.VtGl\t 01 \AWI'UII 011 COIIf IUit(L 
A(C ' II(COvtJI'f I.L"GT" cr UwPI.J; 

IIOO'I..LNG'Tio 01 50IMO COlin )4t N/I.LNOTio COII[O, "• 
S • S Jll\.1 T S POOH SA WI'\. ( 
u· UNOIST\JIIIto SAWI'\.D 

J S 'S"[I.IIY f ;,:l( 

- ' · ' ' 1(0 "'S'O" 
JO'OST(II~ 

i OltOUIIOWioTIII 

uo·()(ll•~ 
UI''"~VI 
V0'8ll 

SOil ANO ROCK DESCRIPTIONS 

Trimmings, 

TriiMiinga, 

Trimmings, 

Tr11M11naa, 

Tr1m~~1nga, 

Trimming•, 

Tr1mm1nga, 

Trimmlngl, 

Trimming•, 

Trtmminga, 

Tr1mm1nga, 

Trimmtnaa, 

( SP). 

(SW). 

{SW/aravel). 

(SP-SH) 

(SH-HL) 

(SP-SW) 

(SH). 

(S P). 

(SW-SP). 

(SH-SP). 

(SP-SH), 

( SW-SH). 

8ott011 of Borehole • 89.0' 
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GROUNDWATER OBSERVATION WELL REPORT 
Pro j e<.:·.:. Lower San Fernando Dam 1 or ---Page 1 

Location S"an F"ernando Valley, Cal i"fornia t·Tell No. a.ll04 --------
Boring No. a.l104 ------Clien~ WES/COE 

Ccnl:ra~tor WES/COE Criller 
~~~~------~ 

F. Stewart r.ocat~on Sta 9+55 

Inspected by J. R. Perkins ~ate September 25. 1985 73 .1' s 
Checked by _T_. _o_. _K ... e ... l-.1-.e-.r...__ Date November 1 ,. 1985 Pro). No. 85669 

I -----------

Survey 
Dat:um NGVD -------------
Ground 
r:l~':ation 1114.5 

II~Yft;Y/WIR/~ 

Rolled Fill 

- ~------------------~ 

~ 

0 
z 

(/) 

c 
0 ..... 
~ ..... 
'0 
c 

Hydraulic Fill 

I 

0 ~------------------~ u 
~ ..... 
0 
Ul 

Alluvium 

Geot:~cnn~c~~ Sng~neers 

... 

...... --, 

... 

.... 

I 

Elev. or length of surface cas~ng above/ 
below ground sur=ace 

~lev. or length of riser p~pe above/ 
below ground surface 

Thickness of su=face seal be lot., ground 
surface, if any 

Type of surface seal (indicate any ad
ditional seals) 
ID of surface casing 
Type of surface casing 

Elev./depth bottom of cas~ng 

ID and OD of r~ser pipe 
Type of riser pipe 

r Diameter or borehole 

0 
Oo 
0 

0 0 -+-------+ 

Type of backfill around r~ser p~pe 

Elev./depth top of seal, if any 
Type or seal 
Elev./depth bottom of seal 

Elev./depth top of perv~ous sec~ion 

Type of pervious section 
Describe openings 
ID and 00 of pervious section -

0.1' 

0 

78.0' 

ceneut grout 

4.0" 
steel pipe 

2.0' 

PVC 

4.0" 

C61Blt grout 

0 
cenent grout 

78.0' 

100.0' 

PVC 

slotted 

f b kf "11 d · sect;on Ottawa sani Type o ac ~ aroun perv1ous • 

~g I 
00 
0 14------
0 

oo 
0 0 

v 
f! 

. . -
1. •• - • 

Elev./depth bottom of p~rv~ous section 

l·:lev./depth ·.Jottom or sand colunn 

Ele:v. /C.•..!['Lh t:op of seal, 1r anv 
Type of seal 
Elev./depth hottnm of seal 

~~p~ of backfill be:low perv1ous sect~on, 
if any 

117 • 0 I 

Ottma sani 



GROUNDWATER OBSERVATION WELL REPORT 
Proj e c.:·.: Lower San Fernando Dam Page 1 of 1 

Location San .Fernando Valley, California Hell No. CJ.l11i -------------------------------------------------
Client. WES/COE uaring No. CJ.l111 

Ccn~ractor WES/COE Criller F. Stewart 
----~~-----------

Location Sta 5+95, 

Inspected by J. R. Perkins Date October 4, 1985 132.0' s 
Checked by T. 0. Keller Date November 7, 1985 Proj. No. 85669 

Survey 
Datum NGVD 

Ground 
El~'lat~on 1095.1 

Rolled Fill 

- P--------------------(1) .... 
tO 
() 
en 

... __ _ 
~ 

... 

.... 

I 

Elev. or length of surface casing above/ 
below ground sur:ace 

F.lev. or lena~h of riser pipe above/ 
below ground surrace 

Thickness of su=face seal bclmo~ ground 
surface, if any 

Type of surface seal (indicate any ad
ditional seals) 
ID of surface casing 
~JPe of surface casing 

Elev. / depth bottom or cas~ng 

ID and OD of riser p1pe -Type of riser pipe 

-
1.5' 

78.0' 

Cdietlt grout 
-
-

-
PVC 

0 
.o.J 

.o.J 
0 
z 

r Diameter or borehole 4.0" 

-
(/) 

c 
0 ...... 
.o.J 
·~ 
'0 
c 
0 
u 
,.... 
·~ 
0 en 

Hydraulic Fill 

Atluvium 

0 
Oo 
0 
0 0 .,._ ____ ...,. 

0 
oo 

0 
00 0 ,._ __ _ 

0 
oo 
0 0 

~ ... 

... ... 

Geotcc!"'-'1l c.:l !. !:~caneers t:-::: ·. 

Type of backfill around r~ser p~pe 

Elev. / depth top of seal, if 
Type o f seal 
Elev. / depth bottom o r seal 

Elev. / depth top of perv~ous 

Type of pervious sect~on 

Describe openings 

any 

section 

ID and OD of pervious section -

canent grout 

0 
ca1ett grout 

78.0' 

88.0' 

PVC 
slotted 

1-}" 

Type· of backfill around pervious section Ottawa sar¥i 

Elev. / de pth bot tom o f p~rv~ous section 93.0' 

Elev. /depth ·.Jot t om o r s and colunn 95.0' 

El~v . /der_:-Lh toe c ~ sea l . l t any -
Type of seal -
Elev. /depth hor: tnm o r seal -
~{pe of backfil l b~low pervious section, 
if any Ottaua sard 
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B.l Purpose and Scope 

APPENDIX B 

EXPLORATION SHAFT 

An exploration shaft was made through the downstream 
hydraulic fill shell of the dam to perform the following tasks 
at three separate levels in the dam: 

a. Obtain undisturbed samples using GEl's tripod tube 
sampler. 

b. Perform field density tests. 

c. Obtain bag samples for laboratory testing. 

d. Map the sidewalls of the excavation. 

The exploration shaft was made at Location 111 as shown 
in Fig. 5 of the main text. The shaft was made at this loca
tion because N-values at the base of the hydraulic fill shell 
were more consistently low at this location than at other 
locations. The centerline of the shaft was located 12 feet 
north (upstream) of SPT boring S111. 

The excavation and backfilling of the shaft was performed 
by Zamborelli Drilling Company, Inc. of Los Angeles, Cali
fornia. All sampling, testing, and mapping was performed by 
GEl from November 26 through December 20, 1985. 

Explorations were performed in the shaft within Zones 2, 
3, and 5 of the hydraulic fill shell shown in Fig. 9. The 
elevation ranges for explorations in each zone were as 
follows: 

Zone 

2 

3 

5 

Exploration Elevation 
Range, ft 

1047-1040 

1034-1030 

1016-1010 

The ground surface elevation at the shaft location was 
El. 1097.5. 

A total of 44 undisturbed tube samples were obtained from 
the shaft using GEl's tripod sampler. A total of 12 field 
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density tests were performed using sand cone techniques. 
Approximately 2,500 pounds of bag samples were obtained from 
the shaft. Bag samples were obtained from the same layers in 
which tripod tube samples were taken and field density tests 
were performed. Bag samples from a particular layer were 
later mixed at GEl's laboratory to form batch mixes for 
laboratory testing. 

B.2 Shaft Advancement Procedure 

The shaft was excavated using a caisson drilling rig with 
a 6-foot-diameter auger. The sidewalls of the shaft were sup
ported with 6-foot-diameter steel casing. 

The excavation was advanced using an auger to approxi
mately 1.5 feet above each sampling level. The casing was 
then lowered to the bottom of the excavation and fixed at the 
ground surface with two steel I-beams to prevent further 
penetration. The contractor hand excavated to within 2 to 
3 inches of the desired sampling depth. While hand excavating 
to the top of the sampling level, one-quarter circles of 
plywood were placed on the bottom of the test shaft so as not 
to disturb the underlying layers. The last few inches were 
hand excavated by GEl's field engineers. A pilot excavation, 
one quarter of the shaft bottom area, was hand excavated 
approximately 1.0 foot below the sampling depth. This pilot 
excavation was used to identify soil layers prior to the start 
of sampling so that sampling and field density tests would be 
performed within a defined layer. Once the remaining three 
quarters of the shaft bottom was leveled and smoothed, 
sampling and field density testing was performed until the 
area was depleted. Details of tripod tube sampling and field 
density testing are presented in Sections B.3 and B.4, respec
tively. Hand excavating, sampling, and testing continued in 
approximately 1 foot vertical increments to the bottom of the 
sampling level. 

When the bottom of the sampling level was reached, the 
sidewalls of the exposed layers below the casing were mapped. 
After all sampling and testing was completed, the casing was 
removed, and the shaft was advanced with augers to the next 
sampling level. 

Groundwater was encountered in the shaft at El. 1012.4 
NGVD, which was located approximately 12 inches above the bot
tom of the last sampling level. Groundwater level was lowered 
approximately 12 inches to obtain samples. The dewatering 
system consisted of a 9-inch-wide by 18-inch-deep stone-filled 
drain (french drain) around the outside perimeter of the bot
tom of the test shaft. The french drain was connected to a 
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12-inch perforated steel casin~ that penetrated approximately 
6 inches below the bottom of the drain. Inside the 12-inch 
perforated casing, a small submersible pump was used to remove 
the water. 

After sampling, testing, and mapping were completed, the 
steel casing was removed and the test shaft backfilled with a 
4,000 psi concrete mix to 1 foot below the ground surface. 
During the backfilling, the concrete mix was poured through a 
hopper connected to a 15-foot-long hose centered over the 
shaft. 

B.3 Undisturbed Tripod Tube Sampling 

Forty-four undisturbed tripod tube samples were obtained 
using GEl's tripod sampler. Tripod tube sample data is pre
sented in Table B1. A photograph of the GEI tripod tube 
sampler is shown in Fig. Bl. Sampling tubes were 3.0-inch 
0.0., 14-inch-long thin-walled galvanized steel tubes. Each 
tube was machined to have approximately zero clearance ratio, 
as defined in Table B1. Precise measurements showed that 
actual clearance ratios ranged from -0.01% to 0.01%. 

All hand excavating and sampling was performed while 
standing on one-quarter circles of plywood so as not to 
disturb the underlying soils. The remaining three quarters of 
the soil surface was leveled prior to sampling and testing. 
The locations of tripod tube samples at each sampling level 
are shown in Figs. B2 to B4. An effort was made to obtain 
samples consisting of predominantly one soil type. This was 
done by starting the sampling at the top of a soil layer. 

The tripod sampler shown in Fig. B1 was used to maintain 
the sampling tube in vertical alignment during advancement. 
The tube was advanced in increments of about 1/2-inch by using 
no more than light hand pressure. About 1/2 to 1 inch of soil 
around the periphery of the tube, below the cutting edge, was 
excavated prior to advancement of the tube. This pre
excavation allowed soil to easily peel away from the tube as 
it was advanced and minimized volume changes during sampling. 
Several hours of effort were required to obtain each sample. 

Detailed measurements of tube penetration and soil reco
very were made during advancement of the tube. These measure
ments are included in Table B1. Soil volume changes which 
occurred during sampling were computed based on these measure
ments. 
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B.4 Field Density Tests 

Twelve field density tests were performed in the shaft 
using sand cone techniques. The test procedure was in accor
dance with ASTM 01556-82, "Density of Soil In Place by the 
Sand-Cone Method." A summary of field density test results is 
presented in Table B2. 

At least one field density test was performed on each 
layer in which tripod tube samples were obtained (except one 
layer). An attempt was made to centrally locate each field 
density test with respect to the tube samples. The locations 
of field density tests are shown on the sampling location 
plans in Figs. B2 to B4. An effort was made to perform field 
density tests in one soil layer. However, virtually every 
layer encountered was intensely stratified. Representative 
samples of material were taken adjacent to the field density 
test locations for compaction testin~ in the laboratory. 

B.S Wall Mapping 

Mapping of the exposed sidewalls below the 
performed at each exploration level to document 
cation of the hydraulic fill. 

• cas1ng was 
the stratifi-

Mapping was performed after tube sampling and field den
sity testing because the largest amount of wall was exposed at 
that time. The upstream direction of the shaft was estab
lished and called north. Mapping started at the bottom of the 
casing and continued to the bottom of the sampled level. 

Photographs of the excavation sidewalls were taken at 
each level of the shaft. Typical photographs at each level 
are shown in Figs. BS to B7. These photos show the intense 
stratification present in the hydraulic fill shell. 
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TABLE 81 - UNDISTURBED TRIPOD TUBE SAMPLE DATA 
Lower San Fernando Dam - California 

Z 0 N E -----
Sample Elevation,(!) Clearance(2) 

Top of Sample Ratio 
CR 

ft % 

TS101 1044.3 o.ooo 

TS102 1044.3 -{).041 

TS103 1044.4 -{).032 

TS104 1044.4 0.018 

TS105 1044.5 -{).096 

TS106 1044.4 0.036 

TS107 1044.4 0.018 

TS108 1043.0 -{). 041 

TS109 1042.9 0.036 

TS110 1043.0 -{).077 

TS111 1042.9 -{).018 

TS112 1042.4 -{).032 

Notes: See page 5 

Geotechnical Engineers Inc. 

2 -
Cumulative 
Penetration 

p 

em 

10.40 
18.42 

10.41 
15.67 

6.90 
15.97 

10.69 
11.44 

9.34 
14.49 

8.98 
16.53 

8.49 
17.32 

6.02 
14.40 

7.83 
15.03 

9.55 
18.17 

10.48 
16.61 

2.14 
7.29 

14.28 

Page 1 of 5 

Cumulative 
Recovery 

R 
em 

10.80 
18.87 

10.36 
15.59 

7.08 
16.14 

10.78 
11.46 

9.64 
14.72 

8.99 
16.69 

8.76 
17.50 

5.95 
14.31 

7.82 
14.98 

9.43 
18.05 

10.34 
16.40 

2.26 
7.50 

14.46 

Total(3) 

6.V/V 
% 

2.44 

-{).59 

1.00 

0.21 

1.39 

1.04 

1.08 

-{). 71 

-{). 26 

-{).81 

-1.30 

1.20 

Project 8 5669 
September 2, 1987 



TABLE B1 - UNDISTURBED TRIPOD TUBE SAMPLE DATA 
Lower San Fernando Dam - California 

Z 0 N E 2 ---- -
Sample Elevation,(1) Clearance(2) Cumulative 

Top of Sample 

ft 

TS113 1042.3 

TS114 1042.4 

TS115 1041.2 

TS116 1041.1 

TS117 1041.1 

TS201 1032.5 

TS202 1032.5 

TS203 1032.5 

TS204 1032.5 

Notes: See page 5 

Geotechnical Engineers Inc. 

Ratio Penetration 
CR 
% 

-o.068 

-o.o5o 

-o.004 

-o.041 

-o.027 

Z 0 N E 3 -----
-o.082 

-o.027 

-o.004 

0 

p 

em 

5.12 
9.34 

14.83 

5.86 
9.49 

19.81 

8.82 
16.05 

8.71 
15.58 

6.03 
15.81 

5.18 
11.16 
24.18 

8.37 
13.56 
23.51 

10.08 
15.63 
24.31 

10.24 
14.64 
26.34 

Page 2 of 5 

Cumulative Total(3) 
Recovery 

R 
em 

5.35 
9.72 

15.47 

6.18 
9.85 

20.27 

8.93 
16.06 

8.84 
15.60 

6.08 
16.02 

5.20 
11.16 
24.17 

8.37 
13.56 
23.40 

10.08 
15.56 
24.23 

10.21 
14.64 
26.21 

~V/V 
% 

4.17 

2.22 

0.05 

0.05 

1.27 

-o.21 

-o.52 

-o.34 

-o.49 

Project 85669 
September 2, 1987 



TABLE B1 - UNDISTURBED TRIPOD TUBE SAMPLE DATA 
Lower San Fernando Dam - California 

Z 0 N E 2 ---- -
Sample Elevation,(!) Clearance(2) Cumulative 

Top of Sample 

ft 

TS205 1032.5 

TS206 1032.5 

TS207 1032.5 

TS208 1031.1 

TS209 1031.2 

TS210 1031.2 

TS211 1030.8 

TS301 1015.2 

TS302 1014.0 

Notes: See page 5 

Geotechnical Engineers Inc. 

Ratio Penetration 
CR 
% 

-o.o5o 

-o.095 

-o. 055 

0.027 

-o.046 

-o.036 

-o.o55 

Z 0 N E 5 -----
0.009 

-o.004 

p 
em 

12.11 
20.10 
28.91 

11.56 
15.81 
19.15 

9.27 
19.72 
28.79 

6.64 
14.57 
17.01 

8.67 
15.36 
17.11 

7.10 
14.14 
18.20 

7.30 
11.55 
13.41 

6.18 
11.69 
13.89 

6.32 
17.04 
27.30 

Page 3 of 5 

Cumulative 
Recovery 

R 
em 

12.05 
19.95 
28.79 

11.52 
15.72 
18.98 

9.28 
19.76 
28.79 

6.67 
14.58 
17.00 

8.67 
15.28 
17.10 

7.08 
14.03 
18.11 

7.41 
11.57 
13.48 

6.18 
11.72 
13.91 

6.35 
16.95 
27.07 

Total ( 3) 

!::. V /V 
% 

-o.51 

-1.08 

-o.l1 

0 

-o.15 

-o.57 

0.41 

0.16 

-o.85 

Project 85669 
September 2, 1987 



TABLE B1 - UNDISTURBED TRIPOD TUBE SAMPLE DATA 
Lower San Fernando Dam - California 

Z 0 N E ----
Sample Elevation,{1) Clearance{2) 

Top of Sample Ratio 
CR 

ft % 

TS303 1013.9 -o. 018 

TS304 1014.0 -o. 096 

TS305 1014.0 0.018 

TS306 1014.0 -o.018 

TS307 1014.0 0 

TS308 1014.1 0 

TS309 1014.1 0 

TS310 1013.1 0.009 

Notes: See page 5 

Geotechnical Engineers Inc. 

2 -
Cumulative 
Penetration 

p 

em 

9.39 
15.97 
19.94 
23.01 

6.46 
11.32 
16.70 
21.55 

5.59 
12.20 
16.96 
19.79 

5.73 
13.82 
21.91 
27.20 

6.18 
12.57 
19.28 
23.43 

8.10 
14.62 
20.40 
21.55 

7.99 
14.02 
22.06 
26.51 

7.61 
12.55 
21.30 
25.45 
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Cumulative Total(3) 
Recovery 

R 
em 

9.42 
15.93 
19.84 
22.83 

6.44 
11.24 
16.53 
21.25 

5.56 
12.11 
16.75 
19.55 

5.76 
13.78 
21.82 
27.12 

6.16 
12.58 
19.21 
23.32 

8.09 
14.55 
20.27 
21.41 

8.02 
13.96 
21.91 
26.31 

7.49 
12.37 
21.00 
25.09 

6.V/V 
% 

-o.82 

-1.58 

-1.18 

-o.33 

-o.47 

-o.65 

-o. 75 

-1.40 

Project 85669 
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Sample 

TS311 

TS312 

TS313 

' 

TS314 

TS315 

TS316 

Notes: 
(1) 

(2) 

TABLE B1 - UNDISTURBED TRIPOD TUBE SAMPLE DATA 
Lower San Fernando Dam - California 

Z 0 N E 2 ---- -

Page 5 of 5 

Elevation,(1) Clearance(2) Cumulative Cumulative Total(3) 
Top of Sample Ratio 

CR 
ft % 

1013.1 -o.014 

1013.2 -o.004 

1013.3 0.014 

1013.4 -o.018 

1012.4 0.009 

1012.4 0.009 

Penetration 
p 

em 

3.78 
12.48 
19.22 

7.36 
15.47 
20.56 

9.07 
13.20 
18.19 
22.08 

9.96 
15.76 
17.68 

8.28 
12.27 
15.31 

7.58 
12.25 

Elevation datum is NGVD 

Clearance Ratio (CR) as defined as: 
ID-CE 

CR • CE X 100% 

Where: ID • inside diameter of sampling tube 

Recovery 
R 

em 

3.74 
12.28 
18.87 

7.35 
15.36 
20.37 

9.06 
13.17 
18.09 
21.92 

9.78 
15.53 
17.42 

8.37 
12.33 
15.33 

7.55 
12.23 

A.V/V 
% 

-1.85 

-o.93 

-o. 70 

-1.51 

0.15 

-o.15 

CE ~ diameter of cutting edge of sampling tube 
Negative values indicates diameter of cutting edge is larger 
than inside diameter of sampling tube 

(3) Change in volume during sampling (6V/V) is defined as: 

AV /V = (t+ CR )
2 

x ! -1 x 100 (in percent) 
100 p 

Where: CR = clearance ratio of sample tube, defined above. 
R = gross recovery 
P • penetration length 

Positive values indicate sample expansion; negative values 
indicate sample compression. 

Geotechnical Engineers Inc. 
Project 85669 

September 2, 1987 



Field Depth, 
Density Top of 
Test No. Layer 

ft 

101 53.2 

102 54.6 

103 55.1 

104 56.4 

201 65.0 

202 66.3 

203 66.3 

301 83.5 

302 84.4 

303 84.4 

304 84.4 

305 85.2 

Notes: 

TABLE 82 - SUMMARY OF FIELD DENSITY TESTS 
PERFORMED IN EXPLORATION SHAFT 
Lower San Fernando Dam 

Elevation, Field Measurements!) Estimated 
Top of Water Dry Unit Void 6e Due 
Layer Content Weight, 'Y d Ratio to Swell 

ft, NGVD % pcf (2) (3) 

1044.3 10.0 97.3 0.719 -o.Ol7 

1042.9 33.3 91. 1 0.856 0 

1042.4 8.2 108.0 0.542 -o.017 

1041.1 16.1 95.8 0.746 -o.Ol7 

1032.5 14.8 93.3 0.785 -o.016 

1031.2 12.7 94.9 0.762 -o.018 

1031.2 13.2 93.9 0.781 -o.Ol8 

1014.0 26.2 98.6 0.702 -o.026 

1013.1 27.4 96.7 0.736 -o.032 

1013.1 26.0 98.1 0.711 -o.032 

1013.1 27.9 95.8 0.752 -o.032 

1012.3 23.8 100.7 0.667 -o.028 

Estimated 
In situ 

Void Ratio 
in 1985 

(4) 

0.702 

0.856 

0.525 

0.729 

0.769 

0.744 

0.763 

0.676 

0.704 

0.679 

0.720 

0.639 

1) Field density tests were performed using sand cone techniques, ASTM Dl556. 
Density and water content measurements are for the fraction passing the 
No. 4 sieve. 

2) Void ratio based on specific gravity measurements of batch mix from the 
same elevation. Void ratio not corrected for swell at base of exploration 
shaft. 

3) Void ratio changes due to swell of soils at the base of the exploration 
shaft were estimated using procedures described in Section 4.2.1 and 
Table 5 of the text. 

4) Corrected for estimated swell at base of exploration shaft. 
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Tripod Tube Sample 303 Being Taken at a 
Depth of 83.6 feet in the Exploration Shaft 
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- EL 1041.7' 
NGVD 

Downstream Wall of Exploration Shaft in Zone 2 of 
Hydraulic Fill Shell 

Darker layers correspond to sandy silts and clays, 
and lighter colored soils are sands and silty ' sands. 

Army Corps of Engineers 
Vicksburg, Mississippi 

li"\ GEOTECHNICAL ENGINEERS INC. 
~ W'NC>ESTE~'> • MASSACM..JSETT'S 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando~ California 

Project 85669 

PHOTOGRAPH OF 
EXPLORATION SHAFT WALL -

ZONE 2 

Sep. 2, 1987 Fig. BS 



Downstream Wall of Exploration Shaft in Zone 3 of 
Hydraulic Fill Shell 
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Downstream Wall of Exploration Shaft in Zone 5 of 
Hydraulic Fill Shell 
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C.1 Introduction 

APPENDIX C 

IN SITU VOID RATIO CHANGES 
OF CRITICAL LAYER 

Undisturbed samples of the critical layer of the 
hydraulic fill shell on the downstream side of the dam were 
obtained in 1985. The void ratio and strength of these 
samples represent 1985 conditions. Thus it became necessary 
to estimate the void ratio changes that took place in the cri
tical layer between the time of the earthquake in 1971 and the 
time of sampling in 1985. These void ratio changes were then 
used to estimate steady state strengths of the critical layer 
soils on the downstream side immediately before the 1971 
earthquake. The 1971 void ratios of critical layer soils on 
the upstream side of the dam would be expected to be higher 
than the 1971 void ratios of the critical layer soils on the 
downstream side. This is because the critical layer on the 
upstream side was under a lower sustained effective stress due 
to the presence of the reservoir and the fact that the 
downstream slope was under additional load from the 1930 and 
1940 berms. The estimated difference in void ratio between 
the upstream and downstream critical layers, in conjunction 
with strength data obtained for the downstream critical layer, 
were used to estimate the steady state strength of the 
upstream critical layer which actually participated in the 
1971 flow slide. 

The Los Angeles Department of Water and Power (LADWP) 
made detailed vertical and horizontal movement surveys of the 
embankment and groundwater observation well readings between 
1929 and 1985. These excellent data were essential for esti
mating the void ratio changes which took place in the critical 
layer on the downstream side of the dam after the 1971 earth
quake and for estimating differences between upstream and 
downstream void ratios. 

The movement and observation well data were analyzed to 
develop a general understanding of the behavior of the down
stream section of the dam prior to, during, and after the 1971 
earthquake. Then the pertinent data were used to evaluate 
void ratio changes in the critical layer. The plots presented 
in the subsequent sections of this Appendix were prepared by 
GEl from the LADWP field survey sheets. 
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C.2 Movement and Settlement Data 

C.2.1 General 

The LADWP made detailed measurements of the ver
tical and horizontal movements of the dam starting in 
1929. Five survey lines were established at the loca
tions shown in Fig. Cl. Vertical and horizontal move
ments of about 110 points were measured at least 6 times 
a year and sometimes 12 times a year up until the 1971 
earthquake. Measurements were continued on a frequent 
basis for a period of about one year after the 1971 
earthquake. The interval between measurements was 
reduced to one year starting in 1974. 

Undisturbed samples of the critical layer on the 
downstream side of the dam were obtained at two loca
tions: the exploration shaft and undisturbed sample 
borings at Location 111 and undisturbed sample boring at 
Location 103. Thus the movement data analyzed correspond 
to sections passing through these two locations. 

c.2.2 Movements Measured Immediately After the 1971 
Earthquake 

Plots of vertical and horizontal movements at 
Stations 5+00 and 9+00 between December 30, 1970 (before 
the earthquake) and both February 13 and May 12, 1971 
(after the earthquake) are shown in Figs. C2 and C3. 
These plots show that almost all of the movements 
measured in the three-month period following the earth
quake occurred during the four-day period following the 
earthquake. The vertical and horizontal movements 
measured on February 13, 1971 were combined and are shown 
as vectors in Figs. C4 and CS for Stations 5+00 and 9+00, 
respectively. 

Examination of Figs. C2 through CS indicates the 
following patterns of movement of the downstream slope as 
a result of the 1971 earthquake: 

a. The downstream toe of the dam did not move appre
ciably as a result of the earthquake. 

b. There was no bulging of the downstream slope. 

c. Downstream of point 3 at Sta 5+00 and Sta 9+00, 
the horizontal components of the movements were in 
the downstream direction. Upstream of this point, 
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and close to the scarp, horizontal movements were 
in the upstream direction, reflecting proximity to 
the scarp left by the upstream slide. 

d. Downstream of point 5 at Sta 5+00 and point 6 at 
Sta 9+00, the rate of change of horizontal move
ments indicated horizontal compression, while 
upstream of these points, there was horizontal 
extension. 

e. The settlements increased gradually in the 
upstream direction starting approximately from 
zero at the toe. However, they increased rapidly 
upstream of the point that separates horizontal 
compression from horizontal extension, i.e., 
point 5 at Sta 5+00 and point 6 at Sta 9+00, 
Figs. C2 and C3. 

It can be concluded from the above observations 
that downstream of about points 5 and 6, the downstream 
section of the dam developed mainly a decrease in volume 
with relatively low shear strains. Upstream of these 
points, the dam developed increasingly large shear 
distortions near the scarp of the upstream slide. 

A plot of vertical movements which occurred along 
the downstream berm road (122 feet south line) between 
December 30, 1970 and May 12, 1971 is shown in Fig. C6. 
Discussion of this plot is presented in Section C.4. 

C.2.3 Long-Term Movements Prior to and After the 1971 
Earthquake 

Plots of vertical and horizontal movements vs. 
time for the measurement point located closest to the 
exploration shaft are shown in Figs. C7 and C8. This 
measurement point on the 122-foot south line, Sta 6+00, 
was only about 15 feet east of the shaft. The following 
are comments related to the vertical movement plot shown 
in Fig. C7: 

a. The August 30, 1930 earthquake caused a little 
over 0.1 foot of settlement. 

b. The relatively faster rate of settlement for the 
few years after the 1930 earthquake may be due to 
the effects of the 1930 earthquake, raising of the 
embankment to its final height and/or placement of 
the blanket on the downstream slope between 1929 
and 1930. 

C8 



c. Placement of the 1940 berm on the downstream slope 
caused settlement of about 0.12 feet between the 
time of placement and 1943. 

d. The rate of settlement between about 1943 and the 
time of the 1971 earthquake was approximately 
constant at about 0.005 feet per year. 

e. The 1971 earthquake caused a relatively large 
settlement to occur. 

f. Settlements continued after the 1971 earthquake up 
to the time of soil sampling in 1985. Note that 
dam reconstruction was done in the upstream sec
tion of the dam, and thus had no effect on settle
ments on points along the downstream berm. These 
settlements are discussed in more detail later. 

The horizontal movements of the same measurement 
points (Fig. C8) have the same pattern as the vertical 
movements, except after the 1971 earthquake. After the 
1971 earthquake, with the reservoir empty, lateral move
ments essentially stopped whereas settlements continued. 
Note that the scatter is larger in the horizontal move
ment data than in the settlement data, reflecting more 
accuracy in the measurement of settlement. 

Plots of vertical and horizontal movements vs. 
time for the measurement point located closest to 
Location 103 (Measurement Point at Sta 9+00 on the 
122-foot South Line) are shown in Figs. C9 and C10. The 
vertical and horizontal movement data for this point 
follow the same pattern as that for the point located 300 
feet east. This indicates that the behavior of the 
downstream slope was consistent over substantial horizon
tal distances. 

Vertical movements vs. time for Points 16 and 24 
on the 5+00 line are shown in Figs. C11 and C12. These 
points are located downstream of the exploration shaft. 
Point 16 is located on the berm over the toe of the ori
ginal dam section. Point 24 is located at the toe of the 
dam. Point 16 indicates settlement after construction of 
the berm and significant settlement due to the 1971 
earthquake. The vertical movement of Point 24 was essen
tially zero over the time it was monitored between 1949 
and 1975, indicating negligible settlements of the foun
dation soils at the toe of the dam. 
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Expanded plots of settlement vs. time immediately 
after the 1971 earthquake for points near Locations 103 
and 111 are shown in Fig. C13. These plots show that 
relatively large settlements occurred in the four days 
after the earthquake (February 9-13). The settlement 
rate decreased with time in the five months following the 
earthquake (up to about July 1, 1971). The settlement 
rate became approximately constant from July 1, 1971 to 
1985 (Figs. C7 and C9). 

C.3 Groundwater Data 

The LADWP provided GEl with groundwater elevation 
measurements from numerous wells in the embankment. Two of 
these wells, 641 and 64J, are shown in Fig. C1. Well 641 was 
the closest to the exploration shaft location. The bottom of 
each well penetrated the 1971 phreatic surface by only a few 
feet as shown in Fig. C14. The tip of 641 was close to the 
boundary between Zones 1 and 2 of the hydraulic fill (see 
Figs. 9 . and 10 in main text). 

Groundwater elevations 
shown in Figs. C15 and C16. 
below. 

vs. time in Wells 641 and 64J are 
Data from each well is discussed 

Well 641 - The bottom of this well was located at 
El. 1053, about 31 feet above the critical layer. Groundwater 
elevations in this well rose about 1 foot after the earth
quake, but this rise occurred over a period of several weeks. 
The rise may be due to excess pore pressure generated as a 
result of earthquake shaking, but it is more likely due to the 
fact that after the failure, the reservoir was closer to the 
well for a short time after the failure. 

The reservoir was essentially empty about 1.5 months 
after the earthquake. However, the groundwater level in 
Well 641 remained above its normal level for about 5 months 
after the earthquake (up to about June 1, 1971). 

Groundwater levels in Well 641 decreased at a rate of 
about 1 foot/year until it became dry in November 1973. In 
1985, the groundwater level in the exploration shaft, near 
Well 641, was near the base of the embankment, as shown in 
Fig. C14. 

Well 64J - The bottom of this well was located near the 
base of the hydraulic fill at about El. 1017. This elevation 
is close to the top of the critical layer. Water level in the 
well was about 3 feet higher than normal on the day after the 
earthquake. The water elevation decreased to its pre
earthquake level in a period of about one month. Water levels 
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in 64J decreased at a faster rate than water levels in Well 
641, probably because of its proximity to the downstream 
drain. 

C.4 Void Ratio Changes in Critical Layer Due to 1971 
Earthquake 

The 1971 earthquake caused generation of excess pore 
pressures in at least some of the soils in the downstream sec
tion of the dam located below groundwater level. The obser
vations in Well 641 indicate that negligible pore pressures 
developed in Zones 1 and 2 of the hydraulic fill. The obser
vations in Well 64J indicate that excess pore pressure did 
develop in the lower part of the hydraulic fill followed by 
reconsolidation after the earthquake. The reconsolidation is 
assumed to have manifested itself as settlements at the sur
face of the downstream slope and horizontal compression of the 
downstream section of the dam, except for the zone near the 
slide scarp which developed horizontal stretchin~. 

For the purpose of our investigation, it is necessary to 
estimate the void ratio changes which took place after 1971 in 
the critical loose layer where undisturbed samples were taken. 
These changes would then be used to correct the 1985 void 
ratios of undisturbed samples to pre-1971 earthquake void 
ratios. Undisturbed samples were taken below the location of 
the berm road on the downstream slope. At this location, the 
downstream section of the dam was subjected to both vertical 
and horizontal compression. Virtually all of the horizontal 
movements occurred within about one month after the earthquake 
when there was still water in the reservoir. Subsequently, 
when the reservoir was empty, the horizontal movements stopped 
and only vertical movements were observed. 

For analysis purposes, we considered separately two 
phases of the consolidation of the critical layer soils on the 
downstream side of the dam after the 1971 earthquake: 

1. Consolidation due to dissipation of excess pore 
pressures generated during earthquake shaking, 
discussed in this section. 

2. Consolidation due to the increase in effective 
stress caused by the permanent lowering of the 
reservoir (Section C.S). 

The groundwater level at the location of the downstream 
berm road started dropping below its pre-earthquake level 
about five months after the earthquake (Fig. C15). This 
corresponds to the time when the settlement rate became 
approximately constant (Fig. C13). Therefore, settlements 
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which occurred in the first five months after the earthquake 
probably are mainly due to dissipation of excess pore 
pressures generated by the earthquake, and those which 
occurred after that time can be assumed to be due to general 
groundwater lowering below pre-earthquake levels. 

Void Ratio Changes at Location 111 -The settlement of 
the ground surface at Location 111 in the first five months 
after the earthquake was 0.46 foot (Fig. C13). Analyses were 
performed to estimate what part of the 0.46 foot of settlement 
occurred in the 15-foot-thick critical layer at the base of 
the hydraulic fill, so that the void ratio change of this 
layer could be estimated. 

The volume change of each layer below groundwater level 
due to dissipation of pore pressure generated by cyclic 
loading is related to the maximum cyclic strain which occurred 
in the layer during cyclic loadin~. Castro (1987) has sum
marized laboratory test data relating the volumetric strain of 
saturated sand and silt samples to the maximum cyclic shear 
strain experienced by the samples (Fig. C17). The band 
labeled No. 3 in Fig. C17 represents data from tests performed 
on samples from Location 111 and reported in Appendix F, 
Section F.4.7. Castro (1987) has also summarized laboratory 
test data relating the volumetric strain of drained sands to 
the maximum cyclic shear strain experienced by the samples 
(Fig. C18). 

The soil profile at Location 111 is shown in Fig. 9. 
Groundwater level prior to the earthquake was about El. 1060 
at this location. For analysis of sands below groundwater 
level, the correlations between volumetric strain and cyclic 
shear strain shown in Fig. C19 were used. For sands above 
groundwater level, the hatched line in Fig. C18 was used. 

The maximum cyclic shear strain in each layer of the soil 
profile which occurred during the 1971 earthquake was esti
mated using a SHAKE analysis. Details of the analysis are 
presented in Appendix E. A plot of maximum cyclic shear 
strain vs. depth is shown in Fig. E2. The maximum cyclic 
shear strain at the mid height of each zone of the soil pro
file based on the SHAKE analysis is presented in Table C1. 

Each zone of the Location 111 soil profile (Fig. 9) was 
classified as loose, medium, or dense based on average N
values in the zones. The maximum cyclic shear strain and den
sity classification of each zone was used to obtain a 
volumetric strain for the zone after reconsolidation using the 
correlations in Figs. C18 and C19. The thickness of each zone 
was multiplied by the computed volumetric strain in the zone 
to obtain settlements. The volumetric strain and computed 
settlement for each zone are presented in Table Cl. 
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The summation of settlements of each zone for the above 
analyses was 0.51 foot which is very close to the measured 
value of 0.46 foot. The agreement in total settlement is 
somewhat fortuitous, since several interpretations of the 
correlations in Fig. C18 and C19 can be made. However, the 
more significant result is that about 49% of the 0.51 foot of 
computed settlement occurred in Zone 5, the critical layer. 
The above analyses was repeated using several positions for 
the loose, medium, and dense curves shown in Fig. C19. 
Computed settlements were different than 0.51 foot, but the 
percentage of the total settlement which occurred in Zone 5 
was about 49% in all cases. Therefore, the actual height 
change of Zone 5 was about 49% of 0.46, or about 0.23 foot. 

The void ratio change of Zone 5 soils due to dissipation 
of excess pore pressures after the earthquake was computed 
using the following equation (one-dimensional settlement): 

6e1 = 6H1 (1+e0 ) 

H 

where 6e1 - void ratio change in Zone 5 due to dissipa
tion of excess pore pressures 

~1 = settlement of Zone 5 due to dissipation of 
excess pore pressures, equal to about 
0.23 foot at Location 111 

H =thickness of Zone 5, equal to 15 feet at 
Location 111 

e 0 = initial void ratio of soil in Zone 5 

Computed values of 6e1 for undisturbed samples from 
Location 111 are shown in Table 3 in the main text. For a 
typical initial void ratio of 0.7, the void ratio change, 6e1, 
is equal to 0.026. 

The above analysis neglects the horizontal compression 
developed in the hydraulic fill after the earthquake. An 
estimate of the horizontal compression in the critical layer 
was made, resulting in void ratio changes of 0.001 to 0.002. 
These void ratio changes result in changes in estimated 
in situ steady state strength of only a few percent and thus 
were neglected. 

Void Ratio Changes at Location 103 -Void ratio changes, 
6e1, of Zone 5 soils at Location 103 were estimated using the 
same approach for estimating 6e1 at Location 111. The esti
mated values of 6e1 at Location 103 are also shown in Table 3 
of the main text. 
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Settlements Near Abutments - Settlements along the 
122-foot-south survey line (downstream berm road) which 
occurred as a result of earthquake shaking are shown in the 
upper part of Fig. C6. There is a consistent pattern of 
settlements between Stations 3+00 and 17+00. The settlement 
pattern approximately reflects the pattern of the ground sur
face elevation changes below the survey line. 

The relatively large settlements in the vicinity of 
Station 2+00 are probably related to an historical problem in 
a gypsum foundation layer on the left abutment. Based on 
these historical records, dissolving of the gypsum by the 
reservoir water gradually developed paths (voids) for per
colating water and resulted in excessive seepa~e through the 
east abutment. Grouting of these voids had been performed 
periodically to alleviate the seepa~e problem. 

The survey line along the berm road is actually located a 
few feet upstream of the road on the slope of the embankment, 
presumably to prevent damage to the measurement points from 
traffic along the road (Fig. C1). However, near Station 18+00 
to 21+00 the berm road starts to climb towards the right abut
ment and crosses the survey line. A possible explanation for 
the shape of the settlement profile between these stations, 
shown in Fig. C6, is that the measurement points at Stations 
19+00 and 20+00 may have been disturbed by traffic alon~ the 
berm road in the months following the earthquake when the 
crest road was no longer available for traffic. Note, 
however, that even though the shape of the settlement profile 
appears unusual, the average settlement in the Station 18+00 
to 21+00 area is consistent with the results of an analysis of 
the type performed for Locations 103 and 111. 

C.S Void Ratio Changes in Critical Layer Due to Groundwater 
Lowering 

The groundwater level at the location of the downstream 
berm road started dropping below its pre-earthquake level 
about five months after the earthquake (Fig. C15). 

Groundwater well data indicate that groundwater levels at 
the location of the downstream berm road decreased at a slow 
rate after the reservoir had been completely emptied. This is 
consistent with settlement data which indicate that settle
ments at Locations 103 and 111 (berM road) occurred gradually 
for many years after the earthquake (Figs. C7, C9, C13). 

Void Ratio Changes at Location 111 -The total settlement 
of the ground surface at this location which occurred from the 
time of the 1971 earthquake to the time of sampling in 1985 
was 0.63 feet. About 0.46 feet of this settlement was due to 
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consolidation as a result of the dissipation of excess pore 
pressures generated by the earthquake (Section C.4). The 
remaining 0.17 feet of settlement was due to consolidation 
which occurred as a result of groundwater lowering. 

The soil profile at Location 111 is shown in Fig. 9. The 
settlement of each soil zone due to groundwater lowerin~ is a 
function of the compressibility of the zone and the change in 
effective stress within the zone. 

Consolidation curves from laboratory triaxial tests were 
used to determine the compression index of soil samples. 
These consolidation curves are presented in Appendix F, 
Figs. F70 and F71. Table C2 is a summary of compression index 
data for undisturbed samples from Zone 5, the critical layer, 
for different effective stress levels. 

The increase in effective stress for each zone of the 
Location 111 soil profile was computed using the pre
earthquake and 1985 groundwater levels. Each soil zone was 
assigned a compression index on the basis of laboratory con
solidation data and the average effective stress in the zone. 
Settlements of each zone were then computed using the change 
in effective stress and compression index for each zone. 
Table C3 presents a summary of settlement computations. 

The total computed settlement of all soil zones at 
Location 111 for the above analysis was 0.20 feet. The com
puted settlement is close to the measured settlement of 
0.17 feet. About 33% of the 0.20 feet of computed settlement 
occurred in Zone 5, the critical layer. Therefore, we esti
mate that the actual height change of Zone 5 was about 33% of 
0.17 feet, or about 0.057 feet. 

The void ratio change of Zone 5 soils due to groundwater 
lowering was computed using the following equation: 

Aez = ~H2 (1+e0 ) 
H 

where ~e2 = void ratio change in Zone 5 due to ground
water lowering 

= settlement of Zone 5 due to groundwater 
lowering, equal to about 0.057 feet at 
Location 111 

H =thickness of Zone 5, equal to 15 feet at 
Location 111 

e0 = initial void ratio of soil in Zone 5 
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Computed values of 6e2 for undisturbed samples from 
Location 111 are shown in Table 3 in the main text. For a 
typical initial void ratio of 0.7, the void ratio change, 6e2, 
is equal to 0.006. 

Void Ratio Changes at Location 103 - Void ratio changes, 
6e2, of undisturbed samples from Location 103 were estimated 
using the same approach for estimating 6e2 at Location 111. 
The estimated values of 6e2 at Location 103 are shown in 
Table 3. 

C.6 Void Ratio Difference Between Upstream and Downstream 
Critical Layer 

Up to this point, all estimates of void ratio changes 
have reflected those which occurred in the critical layer on 
the downstream side between 1971 and 1985. These void ratio 
changes allow an estimate to be made of critical layer void 
ratios and strengths on the downstream slide of the dam just 
prior to the 1971 earthquake. It is reasonable to expect that 
void ratios of the upstream critical layer in 1971 were 
greater than those on the downstream side because of two fac
tors: 

1. Upstream soils had been under a lower sustained 
effective stress due to prolonged submergence prior 
to 1971. 

2. Downstream soils had been subjected to higher effec
tive stress due to the presence of the 1930 and 1940 
berms. 

Therefore, the 1971 steady state strengths of the critical 
layer soils on the upstream side of the dam would be less than 
the strengths on the downstream side. 

Void Ratio Difference Due to Submergence 

Historical records of the dam construction indicate that 
the crest of the dam was at El. 1088 NGVD in 1915 and that the 
reservoir was filled to within 5 feet of the crest at that 
time. The dam crest was raised gradually in 1916 and 1917 to 
about El. 1128. The records indicate that during these early 
years, while the dam was under construction, the reservoir was 
filled for summer irrigation use and was practically emptied 
during the winter season as a provision against unusual 
storms. Presumably, there was no longer a reason to empty the 
reservoir in the winter once the spillway was completed circa 
1917. 
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No information was available on reservoir levels during 
most of the 1920s. However. there appears to be no reason why 
the reservoir should have been lowered during this period. 
Repairs to the upstream concrete facing were made in 1929. In 
order to repair the concrete facing. the reservoir had to be 
lowered to about El. 1050 in 1929. 

Detailed records of reservoir elevation were available 
starting in 1930. These records indicate that the reservoir 
elevation was always above 1095 up until the 1971 earthquake 
with only one significant exception. This exception was a 4-
to 5-month period in 1930 when the reservoir level dropped to 
El. 1076 and rose back to 1095. 

The question arises as to whether the critical layer on 
the upstream side of the dam was ever subjected to an effec
tive stress significantly greater than that corresponding to a 
fully submerged state. The most critical time for this would 
have been during lowering of the reservoir in the winter 
months circa 1915-1917 and during repairs in 1929. We believe 
that the upstream critical layer has not been subjected to 
effective stresses significantly greater than those 
corresponding to submerged conditions, as explained below. 

The hydraulic fill process used to construct the dam no 
doubt caused the soil between the starter dikes to be 
saturated with a phreatic surface near the pond level at the 
crest of the dam. The reservoir filling in 1915 completely 
saturated the upstream slope. When the reservoir was lowered 
for a few months, drainage of water within the upstream slope 
started to occur. However, this drainage would occur very 
slowly as evidenced by the fact that the phreatic surface on 
the downstream side of the dam did not drop significantly in 
the 6 months after the upstream slope had failed in 1971 and 
the reservoir had been completely emptied. 

The vertical effective stress in the upstream critical 
layer (ov us) at the location which mirrors the exploration 
shaft location (berm road) would be about 2.4 kg/cm2 for sub
merged conditions. Below the downstream berm road, the ver
tical effective stress in the critical layer (Ov ds) would be 
about 3.5 kg/cm2 for a ground water depth of 35 teet. The 
following equation can be used to estimate the void ratio dif
ference between the upstream and downstream critical layers 
due to the submergence effect: 

-0 v,ds 
-0 v,us 

Using a value of Cc = 0.048 from Tables C2 and C3 results 
value of ll esub = 0. 008. 
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Void Ratio Difference Due to 1930 and 1940 Berms 

Berms on the downstream slope have caused consolidation 
stresses to be higher in the critical layer on the 
downstream side compared to the upstream side. The majority 
of the additional effective stress was caused by the large 
1940 berm. 

Using stress distribution equations, we estimate that 
the 1940 berm caused an increase in effective stress in the 
critical layer of about 0.58 kg/cm2 at the location of the 
exploration shaft. Using a Cc = 0.048 as before, this 
increase in effective stress would cause a decrease in cri
tical layer void ratio of about 0.003. 

This void ratio change of 0.003 is corroborated by 
settlement measurements along the berm road (122 feet south 
line), shown in Fig. C7. The data indicates that the survey 
point adjacent to the exploration shaft settled about 0.12 
feet as a result of primary consolidation which occurred in 
the few years following placement of the 1940 berm. Based 
on analysis similar to that described in Section C.5, we 
estimate that about 20% of the measured settlement was 
caused by consolidation of critical layer (Zone 5) soils. 
For a critical layer thickness of 15 feet and initial void 
ratio of 0.7, the backcalculated change in void ratio of 
critical layer soils is: 

~eberm ~ 0.12' x 0.20 (1+0.7) • 0 _003 
1 5 

This backcalculated value of 0.003 is the same as that esti
mated using the consolidation approach described previously. 

Summary of Upstream/Downstream Void Ratio Difference 

Void ratios are estimated to be hi~her in the upstream 
critical layer compared to the downstream layer by the 
following amounts: 

1. Submergence effect 

2. Berm effect 

Total 

~e 

0.008 

0.003 

0.011 

Therefore, we added 0.011 to the estimated in situ void 
ratios of samples from the downstream critical layer to 
obtain void ratios for the upstream critical layer. 
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TABLE C1 - SUMMARY OF COMPUTED SETTLEMENTS IN SOIL ZONES 
AT LOCATION 111 DUE TO CYCLIC STRAINING AND 
DISSIPATION OF EXCESS PORE PRESSURES 
Lower San Fernando Dam 

Soil Zone Above (A) or 
Below (B) 
Groundwater 

Zone 
Thickness 

Maximum Average 
N-value 
in Zone2) 

Layer ~v3) Computed 
Settlement 

Contribution 
to Computed 
Settlement 

ft 

Cyclic Shear 
Strain at 
Mid height 
of Zonel) 

% blows/ft 

Classifi- V 
cation 

% ft % 

Rolled Fill4) A 6 0.14 7 Medium 0.13 0.008 2 

I A 15 0.22 20 Medium 0.18 0.027 5 

1 8 6 0.35 22 Medium 0.18 0.011 2 

2 B 15 0.75 17 Loose 0.57 0.085 17 

3 8 11 1. 00 28 Medium 0.53 0.058 I 1 

4 B 6 0.80 42 Dense 0.36 0.022 4 

5 8 15 3.50 18 Loose 1. 65 0.247 49 

AlluviumS) B 8 2.00 )40 Dense 0.64 o. 051 10 

Notes: 

1 ) 
2) 
3) 
4) 

5) 

Maximum shear strain based on SHAKE analysis, see Appendix E. 
N-values measured in 1985 borings. 

Total 0.509 

• Volumetric strain of layers above groundwater based on Fig. C18 and below groundwater on Fig. C19. 

100 

Thickness of rolled fill is for sand portion only. The upper 14 feet of clay in this zone was 
assumed to have negligible volume change after cyclic loading. N-values are for sand portion only. 
Thickness of alluvium taken as approximate total thickness of sand layers only. Clay layers in the 
alluvium were assumed to have negligible volume change after cyclic loading. N-values for the allu
vium are for sand layers only. 
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Triaxial1) 
Test No. 

-Rl 

-R5 

-R6 

-R7 

-R8 

-Rl2 

-Rl3 

-Rl4 

-Rl5 

-Rl6 

-R17 

-Rl8 

-Rl9 

-R20 

Notes: 

TABLE C2 - SUMMARY OF COMPRESSION INDICES 
UNDISTURBED SAMPLES FROM ZONE 5 
Lower San Fernando Dam 

C 0 M P R E S S I 0 N I N D E X , C c 2) 

-At Isotropic Consolidation Stress, o0 kg/cm2 =-
1 2 4 6 7 8 12 

0.021 0.033 0.046 - - - -
0.018 0.030 0.046 0.055 - - -
0.026 0.041 0.051 - - 0.063 -
0.024 0.036 0.057 - - 0.066 -
0.030 0.047 0.068 - - 0.085 -
0.018 0.033 0.045 - - 0.061 0.065 

0.026 0.045 0.061 - - 0.084 0.113 

0.025 0.039 0.054 - - 0.083 0.106 

0.036 0.058 - - - 0.100 0.128 

0.017 0.031 0.051 - - 0.080 0.099 

0.028 0.043 0.055 - - 0.086 0.091 

0.038 0.053 0.075 - - 0.109 0.119 

0.019 0.027 0.036 - - 0.039 0.039 

0.017 0.032 0.050 - 0.065 - 0.074 

1) Consolidation curves for triaxial tests are presented 
in Appendix F. 

-2) Compression Index, Cc, • 6e/6log o0 • 

Geotechnical Engineers Inc. 
Project 85669 

September 2, 1987 



Soil Zone Zone 
Below Thickness, 

Groundwater H 

ft 

1 to 4 40 

5 15 

TABLE C3 - SUMMARY OF COMPUTED SETTLEMENTS IN 
SOIL ZONES AT LOCATION 111 DUE TO 
GROUNDWATER LOWERING 
Lower San Fernando Dam 

Effective Stress at Compression2) 
Midheisht of Zone1) Index, Cc 

- - -0 1971 0 1985 flO 

kg/cm2 kg/cm2 kg/cm2 

1.66 2.07 0.41 0.042 

2.19 3.16 0.97 0.048 

Computed)) Contribution 
Settlement to Computed 

Settlement 

ft % 

0.095 48 

0.067 33 

Alluvium 10 2.41 3.43 1.02 0.042 0.038 19 
100 

Notes: 

1) Effective stress is equal to the octahedral stress, or 
two-thirds vertical effective stress for K0 • 0.5. 

2) Compression Index, Cc, based on laboratory triaxial test 
data. Cc data for Zone 5 is shown in Table C2. Cc for 
alluvium zone was estimated. 

-
3) Settlement equals ~ Cc H log10 °1985 • 

-
An initial void ratio, e0 , equal to 0.7 was used. 

Geotechnical Engineers Inc. 
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APPENDIX D 

STATIC AND PSEUDOSTATIC STABILITY ANALYSES 

D.1 Static Stability Analyses 

D.1.1 Introduction 

One of the steps in evaluating the liquefaction 
susceptibility of the dam is to determine the in situ 
driving shear stress in the critical soil layer 
(Section 4.6.1 of the main text). This section of the 
appendix describes stability analyses performed to deter
mine the driving stress in the critical layer on the 
upstream side of the dam, as well as in the critical 
layer on the downstream side. 

The computer program SSTAB2 (Wright, 1974) was 
used to analyze the slopes of the dam. The program uses 
a Spencer method of analysis in which the interslice for
ces are assumed to be inclined and parallel. The method 
satisfies all conditions of static equilibrium. Sliding 
wedges and circular arc failure surfaces were used in the 
analyses. Wedge failures were more critical than cir
cular failures, so results of the wedge analyses were 
used. A manual search was performed to find the most 
critical wedge. 

The driving shear stress in the critical layer is 
equal to the minimum shear resistance the layer must have 
to maintain stability of the slope, assuming fully mobi
lized strengths in other layers. The fully mobilized 
strengths are those that would act while deformations of 
the slope were occurring and would be available to resist 
a massive flow slide. The strength of the critical layer 
(c = strength, ' = 0) is varied in the analysis until the 
factor of safety of the slope is equal to 1.0. 

A cross section through the dam prior to the 1971 
failure is shown in Fig. 2 of the main text. The 
simplified geometry used for performing stability analy
ses is shown in Fig. 01. The mobilized strengths of 
layers used in the analysis are presented in Table D1. A 
discussion of strengths used in the analyses is presented 
below. 

Rolled Fill Cap and Ground Shale Layer - The 
rolled fill cap and ground shale layer, 
Layer 1 in Fig. 01, were j udged to be 
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slightly dilative based on soil descriptions 
and blowcounts in these layers. The mobi
lized strengths in these layers were varied 
using a friction angle of either 30° or 35°. 
These layers may have had slightly higher 
strengths below the groundwater due to dila
tion at the beginning of shear deformations, 
but dissipation of negative pore pressures 
would have reduced their strengths to drained 
values. 

Clayey Core - The clayey core was assumed to 
act undrained during the failure. A labora
tory vane shear test was performed on an 
undisturbed sample of the clayey core 
obtained from Boring U105 (Appendix F, 
Section F.S). The test was performed on a 
sample obtained below the 1985 groundwater 
level, and thus the sample is probably nor
mally consolidated to the 1985 stresses 

A plot of vane shear strength vs. vane 
displacement is shown in Fig. F116. This 
plot shows that large vane displacements were 
required to reduce the strength of the clay 
sample to its steady state strength. Thus 
the strength available in the field to resist 
the initial movements of a flow slide is the 
peak undrained strength, Sup• The strength 
used in stability analyses was varied from a 
high corresponding to_Sup/P = 0.3 to a low 
corresponding to Sup/P ~ 0.2. The peak 
strength of the laboratory vane S£ecimen 
corresponded to a c/p ratio, Sup/p, equal to 
about 0.3 for 1985 conditions. Note that the 
resistance mobilized at a vane displa£ement 
of about 1 em corresponded to an Sup/P ratio 
of about 0.16 and that the steady state 
strength corresponded to an SusiP ratio of 
about 0.09. 

A limited number of torvane shear strength 
measurements of the upper part of the clayey 
core were made soon after the 1971 failure 
(Seed, 1973). These measurements indicated an 
Sup/P ratio of about 0.3 which is consistent 
with the 1985 measurements of clay strength. 

The clayey core was divided into three zones 
as shown in Fig. 01. The strength at the 
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mid-height of each zone was used in the 
analyses. 

Starter Dikes - Starter dikes used in the 
hydraulic filling process can be seen in construction 
photographs. Some compaction of these dikes resulted 
from equipment traffic. Because of the low confining 
pressures in the starter dike zone, it is likely that the 
soils in the dikes were dilative. The starter dikes were 
assigned a mobilized strength corresponding to drained 
conditions. The friction angle for the starter dikes was 
varied between 30° and 35°. As discussed in Section 5.7 
of the main text, the toe of the starter dike on the 
upstream side of the dam may have dilated significantly 
and resisted initial flow slide movements with an 
undrained strength higher the the drained strength. 
Subsequent drainage of negative pore pressures in the toe 
dike would have reduced its strength from its undrained 
value towards its drained value which then could have 
allowed the flow slide to continue. This scenario points 
out the need to use the drained strengths of dense, dila
tive layers when evaluating susceptibility to a liquefac
tion flow slide. 

1929-1930 Blanket and 1940 Berm - The engineering 
properties of these layers are not well known. Records 
indicate that they were apparently compacted to some 
degree during placement. The mobilized strengths of 
these layers were assumed to correspond to a drained 
friction angle of 40°. 

Hydraulic Fill Shells - The upstream and 
downstream hydraulic fill shells were assumed to act 
undrained during the failure. 

0.1.2 Static Stability Analysis of Upstream Slope 

The critical failure surface through the upstream 
slope based on our stability analyses is shown in 
Fig. 01. The majority of the failure surface through the 
upstream hydraulic fill shell passes through the base of 
the shell, the location of the critical layer. Analyses 
were performed for two cases. Case A was based on lower 
bound values of the mobilized strengths varied in the 
analyses and Case B was based on upper bound values 
(Table 01). The driving shear stress, Td, through the 
critical layer on the upstream side of the dam was com
puted to be the following: 
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Case A 

Case B 

Average 

Driving Shear Stress 
Td, kg/cm2 

0.53 

0.44 

0.48 

We believe that a driving shear stress of 
0.48 kg/cm2 is a reasonable value to use for evaluating 
the liquefaction susceptibility of the critical layer on 
the upstream side of the dam. 

D.1.3 Static Stability Analysis of Downstream Slope 

The critical failure surface through the down
stream slope based on our stability analyses is shown in 
Fig. D2. Stability analyses were performed for the same 
two cases described in the previous section. The 
majority of the failure surface through the downstream 
hydraulic fill shell passes through the base of the 
shell, the location of the critical layer. The driving 
shear stress, Td, through the critical layer on the 
downstream side of the dam was computed to be the 
following: 

Case A 

Case B 

Average 

Driving Shear Stress 
Td, kg/cm2 

0.41 

0.24 

0.33 

We believe that a driving shear stress of 0.33 
kg/cm2 is a reasonable value to use for evaluating the 
liquefaction susceptibility of the critical layer on the 
downstream side of the dam for the prefailure condition. 

Stability analysis of the downstream slope were 
also performed using the geometry of the dam immediately 
after the 1971 failure. The geometry used in the analy
sis was based on that shown in the upper part of Fig. 3. 
For the post-failure condition, the driving shear stress 
through the critical layer on the downstream side of the 
dam was computed to be 0.22 kg/cm2 ~ 0.06 kg/cm2. 
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0.2 Pseudostatic Stability Analysis 

The purpose of the pseudostatic stability analyses was to 
determine yield accelerations to be used for estimating 
strains with a Newmark-type analysis for various earthquake 
intensities. The strain estimates were then compared with the 
strains required to trigger liquefaction. 

The shear stresses present along the base of the critical 
wedge for an upstream failure, prior to the earthquake, were 
related to the drained strengths for all soils. The earth
quake stresses represented by a horizontal force acting on the 
critical wedge will cause additional shear stresses along the 
base of the wedge, and for a sufficiently large horizontal 
force, yielding of the soils will occur. The yielding that is 
relevant to the triggering of liquefaction is that of the 
Zone 5 hydraulic fill soils. These soils reach a peak 
strength at very small strains and liquefaction is triggered 
if yielding causes an accumulation of shear strain of 0.5% or 
larger. The question arises as to how much additional 
resistance is mobilized in the other soils along the base of 
the wedge under the small strains needed to trigger liquefac
tion. Two assumptions were made for the strengths used in the 
pseudostatic stability analyses to obtain upper and lower 
bounds for the yield acceleration, as shown in Table 02. The 
two assumptions are as follows: 

a. the shear strengths in all soils are equal to 
the pre-earthquake mobilized shear strengths, 
except for the critical soil in which yielding 
is assumed to occur at the peak undrained 
strength (1,700 psf); and 

b. the applicable shear strengths are equal to the 
peak drained strength in the rolled fill cap and 
ground shale layer and equal to the peak 
undrained strength in the clayey core, starter 
dike, and Zone 5 of the hydraulic fill shell 
(critical soil). 

For cases a. and b. the computed yield accelerations of 
the upstream slope were 0.05 and 0.07 g, respectively. 
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TABLE Dl - SOIL PROPERTIES USED IN STABILITY ANALYSES TO 
DETERMINE IN SITU DRIVING SHEAR STRESSES 
Lower San Fernando Dam 

Soil Layer1) Total Unit Case A - Case B -
No. Weight, pcf Lower Bound Upper Bound 

c cp c cp 
psf degrees psf degrees 

Rolled Fill Cap and 1 120 0 30 0 35 
Ground Shale Layer 

Clayey Core2) 2 120 1300 0 1970 0 
3 120 1600 0 2400 0 
4 120 1900 0 2830 0 

Starter Dikes 5 120 0 30 0 35 

1929-1930 Blanket 6 120 0 40 0 40 

1940 Berm 7 120 0 40 0 40 

Upstream Hydraulic 8 120 Note 3 0 Note 3 0 
Fill Shell 

Downstream Hydraulic 9 120 Note 4 0 Note 4 0 
Fill Shell 

Notes: 

1) See Fig. D1 for dam geometry and layer numbers used in stability 
analyses. 

2) Case A corresponds to c/p = 0.2 and Case B corresponds to c/p ~ 0.3. 

3) The strength in this zone was varied until the factor of safety of 
the potential upstream failure surface equaled 1.0. 

4) The strength in this zone was varied until the factor of safety of 
the potential downstream failure surface equaled 1.0. 

Geotechnical Engineers Inc. 
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TABLE 02 - SOIL PROPERTIES USED IN PSEUDOSTATIC 
STABILITY ANALYSES TO DETERMINE YIELD 
ACCELERATIONS OF UPSTREAM SLOPE 
Lower San Fernando Dam 

Soil Layer1) Total Unit Yield Strength, 
No. Weight, pcf psf 

Case A Case B 

Rolled Fill Cap and 1 120 400 700 
Ground Shale Layer 

Clayey Core 2 120 1 '400 1 , 600 

Starter Dike 5 120 100 3,400 

Upstream Hydraulic 8 120 1 '700 1,700 
Fill Shell 

Note: 

1) See Fig. Dl for dam geometry and layer numbers used in 
stability analyses. 
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E.1 General 

APPENDIX E 

SHAKE ANALYSES 

The computer program SHAKE (Schnabel et al, 1972) 
involves a one-dimensional analysis in which the soil profile 
is modeled as a series of horizontal layers, and the vertical 
propagation of shear waves is considered. 

SHAKE analyses were performed on soil profiles through 
the downstream and upstream hydraulic fill shells of the dam. 

E.2 Soil Profile Through Downstream Shell 

A SHAKE analysis was performed using the soil profile at 
Location 111 to determine the maximum cyclic shear strain in 
each layer of the soil profile which occurred during the 1971 
earthquake (see Appendix C, Section C.4). The soil profile at 
Location 111 is shown in Fig. 9 of the main text. The ground
water level for the SHAKE analysis was assumed to be its 1971 
elevation, or about 35 feet below ground surface at Loca-
tion 111. 

The input parameters for the SHAKE analysis of the 
Location 111 soil profile are shown in Table El. Values of 
maximum soil modulus coefficient (Kz)max• for each layer of 
the hydraulic fill shell were estimated on the basis of 
corrected 1985 N-values as explained in Table El. TheN
values prior to the 1971 earthquake would be somewhat less 
than the 1985 values. We did not try to predict 1971 N-values 
for the purpose of estimating maximum soil modulus coef
ficients because we felt this level of refinement in esti
mating the coefficients was unwarranted. 

Earthquake time histories of acceleration were input at 
the surface of the bedrock layer. The earthquake time history 
was that obtained from a seismoscope located on the right 
abutment. The motion in the direction normal to the axis of 
the dam was used. The record, developed by R. F. Scott (Seed, 
et al 1973) is shown in Fig. El. 

A plot of maximum cyclic shear strain vs depth developed 
from the SHAKE analyses is shown in Fig. E2. 
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E.3 Soil Profile Through Upstream Shell 

SHAKE analysis were performed on a soil profile through 
the upstream hydraulic fill shell to determine time histories 
of stresses applied to the potential sliding mass on the 
upstream slope. Stresses from the SHAKE analyses were used to 
define time histories of acceleration as discussed in 
Section 5.5 of the main text. 

The soil profile used for SHAKE analyses of the upstream 
shell was taken to be the same as that observed at 
Location 111 through the downstream shell, except that the 
groundwater level was placed at the ground surface due to the 
presence of the reservoir. 

The input parameters for SHAKE analyses of the upstream 
soil profile are shown in Table E2. Values of maximum soil 
modulus coefficient, (K2)max• for each layer were taken to be 
the same as those estimated for the downstream slope. The 
shear moduli of layers in the upstream profile are less than 
shear moduli in the downstream profile due to the lower effec
tive overburden stresses. 

Earthquake time histories of acceleration were input at 
the surface of the bedrock layer. The earthquake time history 
was that developed by R. F. Scott (Fig. E1). The accelera
tions in the record were scaled to obtain several earthquake 
time histories with various peak accelerations for use in 
SHAKE analyses as described in Section 5.5 of the main text. 
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TABLE El - SUMMARY OF INPUT PARAMETERS FOR SHAKE ANALYSIS OF 
LOCATION 111 SOIL PROFILE - DOWNSTREAM SLOPE 
Lower San Fernando Dam 

Layerl) Thick- Total 2) 3) (K2) 4) Gmax4 ) -ness Unit Weight (N1)60 om max 

ft pcf blows/ft psf psf x 106 

Dense Fill 20 120 - 780 52 1.45 

Zone 1 15 120 22 2140 56 2.59 
above groundwater 

Zone 1 6 120 22 2840 56 2.98 
below groundwater 

Zone 2 15 120 15 3230 49 2.79 

Zone 3 11 120 20 3720 54 3.29 

Zone 4 6 120 30 4040 62 3.94 

Zone 5 15 120 11 4430 44 2.93 

Alluvium 12 120 - 4940 3.65 

Notes: 

1) Soil profile is that shown in Fig. 9 with groundwater level 35 feet 
below ground surface. 

2) (Nl)
60 

is 1985 measured N-value in layer corrected for overburden 
pressure, using 60% of the theoretical free-fall hammer energy trans
ferred to drill rods instead of the measured 72%, and liner effects as 
described in Seed, 1985. 

-3) om is the 1971 octah~dral effective stress at the midheight of the 

4) 

5) 

layer, equal to 0.65ov• 

Maximum soil modulus coefficient, (K2) , and maximum shear modulus, 
2max• based on relationships between tW~Je parameters and (N1) 60 and 
am suggested by Seed, et al (1986). Attenuation curves for Damping 
Ratio and Shear Modulus based on Seed and Idriss (1970) for cohesion
less soils. Input earthquake record is that shown in Fig. El. 

Value of (K2) for alluvium same as that used in Seed, et al (1973) 
for upper all~~!um. 
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TABLE E2 - SUMMARY OF INPUT PARAMETERS FOR 
SHAKE ANALYSIS OF SOIL PROFILE 
THROUGH UPSTREAM SLOPE 
Lower San Fernando Dam 

Gmax3) Layer1) Thick- Total 2) -ness Unit Weight Om 

ft pcf psf 

Dense Fill 20 120 380 52 

psf x 106 

1. 02 

Zone 1 21 120 1170 56 1 • 91 

Zone 2 1 5 120 1860 49 2.11 

Zone 3 1 1 120 2360 54 2.62 

Zone 4 6 120 2690 62 3.21 

Zone 5 15 120 3090 44 2.45 

Alluvium 12 120 3610 52 3.12 

Notes: 

1 ) 

2) 

3) 

Soil profile is that shown in Fig. 9 except that a 
groundwater level at the ground surface was used. 

am is the 1971 octahedral stress at the midheight of the 
layer, equal to 0.65ov· 

Maximum soil modulus coefficient, (Kz)max• the same as 
tho!e in Table E1. Maximum shear modulus, Gmax• based 
on am and (K2) • Attenuation curves for Damping 
Ratio and ShearmA~dulus based on Seed and Idriss (1970) 
for cohesionless soil. 

Geotechnical Engineers Inc. 
Project 85669 
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APPENDIX F 

LABORATORY TESTING PROGRAM 

F.l Introduction 

Laboratory tests were performed on the following types of 
soil samples from Lower San Fernando Dam: 

Source 

Borings 

Exploration Shaft 

Sample Type 

Split-spoon samples 
Undisturbed fixed piston samples 

Undisturbed tripod tube samples 
Batch mixes formed from bag samples 

Laboratory tests included index tests, monotonically and 
cyclically loaded triaxial tests, and vane shear tests. A 
list of all laboratory tests performed on each sample is pre
sented in Table Fl. 

F.2 Preparation of Batch Mixes 

Seven batch mixes were prepared from bag samples obtained 
from the exploration shaft. The individual bag samples used 
to form each batch mix are presented in Table F2, as well as 
the elevation range from which the bag samples were taken. An 
attempt was made to form batch mixes which would represent a 
particular soil layer encountered in the shaft. 

Individual bag samples used to form a particular batch 
mix were combined on a large mixing board in the laboratory. 
The mixture was worked with a shovel until the soil was homo
geneous. All laboratory tests of batch mixes were performed 
on the fraction passing the No. 4 sieve. 

F.3 Index Tests 

The following types of index tests were performed: spe
cific gravity, compaction, Atterberg limits, mineralogical 
analysis, and grain size analyses. Results of index tests are 
summarized in Table F2 and discussed separately below. 
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F.3.1 Specific Gravity Determinations 

Specific gravity tests were performed on each ·of 
the seven batch mix samples. Results of specific gra
vity tests are presented in Table F2. The measured spe
cific gravities were used to calculate void ratios of 
triaxial test specimens. 

F.3.2 Compaction Tests 

Laboratory compaction tests were performed on each 
of the seven batch mix samples. The tests were performed 
in accordance with ASTM Procedure 01557-78, Method A. 
Results of the compaction tests are shown in Figs. F1 
through Fig. F7. 

F.3.3 Atterberg Limits Determination 

One Atterberg limit test was performed on the 
minus No. 40 fraction of Batch Mix 7. The results of 
this test are as follows: 

Liquid Limit = 24 
Plastic Limit = 20 

Plasticity Index = 4 

Based on these results, the minus No. 40 fraction 
of Batch Mix 7 has a Unified Soil Classification of ML. 

F.3.4 Mineralogical Analysis 

A mineralogical analysis of a sample of Batch 
Mix 7 was performed for GEl by Resource Engineering 
Incorporated of Waltham, Massachusetts using reflected 
light microscopy. The following results were reported: 

Mineral Type 

Quartz 
Feldspar 
Clays 
Opaques 
Other 

Volume % 

67 
1 5 
1 0 

5 
3 

The shape of most of the mineral grains was 
described as angular or blocky, and equiaxis with very 
few exhibiting a platy structure. No organic materials 
were found in the sample. 
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F.3.5 Grain Size Analyses 

Grain size analyses were performed on the following 
samples: 

No. of Tests 

10 
21 

7 

Sample Type 

Split-spoon samples 
Undisturbed samples 
Batch mix samples 

Grain size curves of all samples tested are pre
sented in Figs. F8 to F49. Grain size analyses of 
triaxial test specimens were performed on a represen
tative portion of the failure zone of the specimens. In 
some cases, two grain size analyses were performed on a 
triaxial test specimen to classify two obviously dif
ferent layers in the specimen. 

Grain size curves of undisturbed samples from 
Zone 5 of the hydraulic fill shell (critical layer) are 
plotted together in Fig. 11. Batch Mix 7 from the same 
zone is also shown in Fig. 11. 

F.4 Triaxial Tests 

F.4.1 General 

The following triaxial tests were performed as a 
part of this study: 

20 Isotropically consolidated, undra!ned 
triaxial, monotonic compression (R) tests on 
undisturbed samples. 

10 Isotropically consolidated, undra!ned 
triaxial, monotonic compression (R) tests on 
remolded samples of Batch Mix 7. 

2 Isotropically consolidated, drained triaxial, 
monotonic compression (S) tests on remolded 
samples of Batch Mix 7. 

9 Anisotropically consolidated, und~ained 
triaxial, monotonic compression (R) tests on 
remolded samples of Batch Mix 7. 

5 Anisotropically consolidated, undrained 
triaxial, cyclic load followed by monotonic 
compression (CRR) tests on undisturbed 
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specimens; the consolidation phase of these 
tests included an unloading cycle to measure 
swelling properties. 

11 Anisotropically consolid~ted, undrained 
triaxial, cyclic load (CR) tests on 
remolded samples of Batch Mix 7. 

Specimen preparation techniques are discussed 
below in Section F.4.2, followed by discussions of the 
individual test results in Sections F.4.3 through F.4.7. 

F.4.2 Specimen Preparation 

F.4.2.1 Undisturbed Tube Samples 

The general procedure followed for pre
paring undisturbed tube samples for triaxial 
testing was as follows: 

1. The distance from the ends of the tube to 
the soil surfaces at both ends of the 
tube were measured. These distances were 
compared to measurements of the same 
distance recorded just after the tube was 
taken in the field. Differences between 
the two sets of measurements were used to 
determine void ratio changes during 
sample shipment. In this investigation, 
no changes in sample length were measured 
during shipment. 

2. The X-ray of the undisturbed tube sample 
selected for testing was examined to 
identify soil layers within the tube. 
Triaxial tests were performed on samples 
which appeared from the X-ray to be one 
soil layer within the tube. The section 
of tube for testing was identified and 
marked for cutting, leaving about 2 em on 
each end of the section for trimming. 

3. The tube was secured vertically in a 
chain vise, and stiffening rings placed 
adjacent to the cut locations. The pur
pose of the rings was to prevent the tube 
from deforming during cutting and thus to 
reduce stresses on the soil during 
cutting. 
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4. The tube cutter was positioned at the 
desired cut location and then turned 
slowly while applying gentle pressure. 
The distance from the top of tube to the 
soil was measured before and after 
cutting to determine if soil length 
changes occurred during cutting. A typi
cal cut required about 15 to 20 minutes. 
In this investigation, little to no 
volume changes took place during cutting. 

5. To promote saturation and easier sample 
extrusion, the bottom section of the tube 
was placed in a water bath, allowing 
water to be drawn to the top by 
capillarity. The bottom was protected by 
a piece of filter paper and a porous 
stone during saturation, with only the 
porous stone coming in contact with the 
water. 

6. After saturation, the sample was trimmed 
to the desired test length in the tube, 
and measurements of the sample length 
recorded for determining the void ratio 
of the sample in the tube. 

7. A membrane was placed on a membrane 
stretcher and the sample extruded 
directly into the membrane. Extrusion 
was performed with the tube in a vertical 
position. 

8. The sample was placed on the bottom pla
ten of the triaxial cell, the top cap was 
placed on the sample, and a vacuum of 
about 15 inches of mercury applied to the 
sample. Lubricated end platens were used 
for virtually all triaxial tests so that 
the smallest sample height could be used. 
This increased the probability that the 
triaxial test specimen would be essen
tially of one soil type. 

9. The diameter and height of the sample 
were measured, the triaxial cell 
assembled, and the cell filled with 
water. 

10. The vacuum was locked into the sample by 
closing the drainage lines, and the cell 
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pressure was increased to 0.5 kg/cm2. 
The drainage lines were opened, releasing 
the vacuum and bringing the pore water 
pressure to atmospheric. 

The sample was then ready for back
pressure saturation and consolidation as discussed 
in Section F.4.2.3 below. 

F.4.2.2 Remolded Samples 

Triaxial tests were performed on remolded 
samples of Batch Mix 7. Only the fraction passing 
the No. 4 sieve was used for testing. The soil was 
passed through either a No. 10 or No. 40 sieve 
prior to testing to break lumps of soil. 

Three methods were used to form samples 
of Batch Mix 7 for triaxial testin~. The first 
method consisted of compacting the samples at a 
water content of about 7%. After compaction, the 
samples were saturated by flowing water through 
the samples from the bottom to the top, and then 
using backpressure saturation to achieve full 
saturation. This method required high 
backpressures to achieve proper saturation. 

The second method involved placing the 
sample as a slurry at a water content rangi~g from 
30 to 38%. This method was used for tests R104 
and RlOS. Samples formed in this manner were 
found to be very soft and difficult to handle, and 
required long consolidation times at low con
solidation pressures. 

The third method was the most practical 
and was used for the majority of the triaxial 
tests on remolded samples. Samples were compacted 
in a mold at water contents typically between 3 
and 4%. The following is a detailed summary of 
this procedure: 

1. A confining membrane was secured in a 
sample mold and stretched smooth by 
applying a vacuum between the mold and 
the membrane. The mold was placed around 
the bottom platen of the triaxial cell. 
The diameter and height of the mold with 
the membrane in place was measured. 

Fl4 



2. Using a target void ratio, known mold 
dimensions, and the water content of the 
batch mix, the required weight of soil 
for the test was weighed and mixed with 
C02. 

3. Samples were compacted to target void 
ratios in layers between 1.35 and 1.5 em 
thick by static pressure from a tamper. 
The top of each layer was scarified prior 
to the addition of the next layer. 

4. When the desired sample height was 
reached, the top platen was placed on the 
sample and the membrane stretched over 
the platens. A small vacuum was applied 
to the sample, and the mold removed. 
Lubricated end platens were used for 
almost all tests. 

5. After removing the mold, air within the 
sample was displaced by flowing C02 
through the sample. ~e C02 entered the 
bottom of the sample under atmospheric 
pressure, and was pulled through the 
sample by a vacuum. The drainage line to 
the bottom of sample was then closed. 

6. Sample dimensions were measured with the 
vacuum still applied. The cell was 
assembled and filled with water, and a 
small cell pressure of about 0.1 kg/cm2 
applied. 

7. The vacuum was locked into the sample by 
closing the valve to the top drainage 
line. De-aired distilled water was then 
slowly introduced to the bottom of the 
sample. Water was drawn upward through 
the sample under the gradient imposed by 
the locked in vacuum. The rate of inflow 
was carefully controlled to prevent 
surges of water inflow. 

8. When the distilled water reached the top 
of the sample and appeared in the top 
drainage line the sample was ready for 
backpressure saturation and con
solidation. The drainage lines were 
opened, releasing the vacuum and bringing 
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the pore water pressure to atmospheric, 
while the cell pressure was increased 
from 0.1 to 0.5 kg/cm2. 

F.4.2.3 Backpressure Saturation and Consolidation 

Backpressure saturation and isotropic 
consolidation was performed using a regulated air 
pressure system, with air over water interfaces. 
Graduated burettes having capacities of 60 rnl were 
used to measure volume change from either the top 
or bottom drainage lines. 

The air regulating system used allowed 
simultaneous increase of cell pressure and back
pressure. Starting from a confining pressure of 
0.5 kg/cm2 and a backpressure of 0.0 kg/cm2, the 
pressures were increased in increments of 0.5 or 
1.0 kg/cm2, with drainage lines open. Measure
ments of the pore pressure coefficient, B, were 
performed during incremental increases in cell 
pressure and backpressure until the measured B
co·efficient was approximately 0. 9 5 or greater. 

Upon completion of saturation, samples 
were isotropically consolidated to the desired 
effective stress. Volume and height changes were 
monitored during each increment of consolidation 
stresses. 

When necessary, anisotropic consolidation 
loads were applied prior to shear. The required 
load was calculated based on the desired anisotro
pic stress and the estimated area after isotropic 
consolidation. Anisotropic loads were applied 
using either a dead load system, air pressure in a 
triaxial cell top with a built in air piston, or 
by loading the sample at a slow strain rate in a 
load frame. In all cases, the load was monitored 
by a load cell mounted beneath the soil sample. 

At the completion of consolidation, the 
samples were loaded either monotonically or cycli
cally. After loading the samples were recon
solidated to their original isotropic stresses, 
(for undrained tests). The drainage lines were 
closed, and the triaxial cell dismantled. The 
final water content was then measured, using one 
half of the specimen for undisturbed tests and the 
whole sample for remolded samples. The final 
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water content, final weight of solids, and speci
fic gravity were then used to calculate the void 
ratios during shear and consolidation. 

F.4.3 R Tests - Undisturbed Samples 

Twenty R tests (Rl through R20) were performed on 
either undisturbed tripod tube samples from the explora
tion shaft, or on undisturbed fixed piston tube samples 
from borings. The purpose of the tests was to provide 
data for determining the in situ undrained steady state 
shear strength of the soils. 

Results of R tests on undisturbed samples are sum
marized in Table F3, and summary plots for the individual 
tests are presented on Figs. F50 through F69. Triaxial 
consolidation curves for samples from Zone 5 are pre
sented in Fig. F70, and consolidation curves for all 
other undisturbed samples are shown in Fig. F71. 
Descriptions of undisturbed samples after triaxial 
testing are presented in Table F8. 

Conventional end platens were used for the first 
five~ tests (~1 through ~5). The remainder of the tests 
were performed using lubricated end platens. The reason 
for choosing lubricated ends was to minimize the number 
of layers within a given test specimen. The height-to
diameter ratio for the conventional end samples ranged 
from about 2.1 to 2.3, while the lubricated end platen 
tests were performed using a height-to-diameter ratio of 
about 1.5. 

The drainage lines to the specimens were closed at 
the conclusion of consolidation and the samples sheared 
in monotonic compression. All of the tests were per
formed in a strain controlled loading device. Pore 
pressure changes, applied load, and axial deformation 
were monitored throughout the tests. Axial strain rates 
were chosen to allow pore pressure equalization during 
shear. Axial strain rates ranged from about 0.21 to 
0.76 %/min. 

The samples were typically s~eared to an axial 
strain of about 25%. Test R11 and R12 were stopped at 
lower strains because the applied loads had reached or 
exceeded the capacity of the load cells. 

The drainage lines were opened at the conclusion 
of shearing to allow excess pore pressures to dissipate. 
The volume change during reconsolidation was recorded, 
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and the drainage lines were again closed. The triaxial 
cell was dismantled and the sample was cut vertically. 
One half of the sample was used for water content deter
mination, and the remaining half was photographed and 
visually classified. A representative portion of the 
sample in the failure zone of the specimen was selected 
for grain size analysis. 

F.4.4 R Tests - Remolded Samples, Isotropically 
Consolidated 

Ten R tests, (R101 through R110), were performed 
on isotropically consolidated remolded samples of Batch 
Mix 7. The samples were prepared using three procedures, 
as discussed in Section F.4.2.2 above. The purpose of 
the tests was to develop the steady state line for Batch 
Mix 7. 

Results of these tests are summarized in Table F4, 
and summary plots for the individual tests are presented 
in Figs. F72 through F81. 

The shearing procedure for these tests was essen
tially identical to that used for undisturbed samples. 
Pore pressures, load, and axial deformation were measured 
continuously while the samples were sheared at slow 
strain rates to allow pore pressure equalization. The 
strain rates ranged from about 0.07 to 2 %/min. 

The steady state condition was not reached in Test 
R104, one of the samples prepared as a slurry. The value 
of Of at the end of this test was plotted in Fig. 15 and 
~n arrow shown next to the data point to indicate that 
afs was not reached. 

The procedure for reconsolidating the sample and 
measuring the water content at the end of the test was 
similar to the procedure for the R tests on undisturbed 
samples, except that the entire sample was used for the 
water content determination. 

_A plot of q vs p for all isotropically consoli
dated R tests on Batch t1ix 7 samples is shown in Fig. F84. 
This plot shows that the steady state friction angle of 
Batch Mix 7 was consistently 34° for values of p less 
than about 13 kg/cm2. The friction angle decreased 
slightly at higher effective stresses. 

The steady state lines for Batch Mix 7 (Figs. 15 
and 17, in terms of Ofs and Sus• respectively) were 
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determined on the basis of the measured values of o3s and 
a steady state friction angle of 34°. The corresponding 
relationships are: 

-0 fs = cos?, 
1-sincp 

-ajs = 1.56 a3s for cp = 34° 

• s ln.'Pcoscp 
1-sincp 

Sus/ Ofs = tan cp 

F.4.5 S Tests - Remolded Samples 

Two S tests (S1 and S2) were performed on isotro
pically consolidated remolded samples of Batch Mix 7. 
The purposes of the tests were to provide additional data 
for developing the steady state line, and to demonstrate 
the independence of test type on the steady state 
strength of a soil. Results of these tests are presented 
in Table F4 and individual test results are shown in 
Figs. F82 and F83. 

Both S tests were performed using lubricated end 
platens, and were set up following the same general pro
cedure discussed in Section F4.2.2. The samples were 
sheared under conditions of controlled strain at a rate 
slow enough to allow pore pressure dissipation. 
Measurements of applied load, axial strain, and volume 
change were measured during shear. 

The minor principal stress was decreased during 
shear in an attempt to keep the effective stress on the 
failure plane constant throughout the test. The effec
tive stress on the failure plane varied somewhat during 
shear as shown by the stress paths in Figs. F82 and F83. 
The samples were contractive throughout shear, and the 
void ratios were essentially constant at the end of the 
test. 

F.4.6 R Tests - Remolded Samples, Anisotropically 
Consolidated 

Nine R tests (R201 through R209) were performed on 
anisotropically consolidated remolded samples of Batch 
Mix 7. The main purposes of these tests were to deter
mine peak strengths and strains and to investigate their 
variation with strain rate. In addition, five of the 
tests reached a steady state condition and provided addi-
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tional data for defining the steady state line of Batch 
Mix 7. Results of these tests are summarized in 
Table FS, and summary plots for the individual tests are 
shown in Figs. F85 through F93. 

The samples were prepared as discussed in Section 
F.4.2.2 above. Both lubricated end platens and conven
tional end platens were used as shown in Table FS. 

Anisotropic stresses were applied at the end of 
isotropic consolidation. This was done by applying an 
axial load with a dead load frame or an air piston. 

The samples were tested at strain rates that can 
be considered either slow ((1%/min.), medium (about 30 to 
50%/min.), or fast (from 3800 to 4900%/min.). The slow 
and medium strain rate tests were performed under con
ditions of controlled strain. Fast strain rates were 
achieved by instantaneously applying a large compression 
pulse to the load piston attached to the top of the 
sample. Test results were recorded on a strip chart 
recorder, and the strain rate reported in Table FS was 
measured from the record. The strain rate at the 
beginning of the test tended to vary, until the sample 
had passed its peak strength. Thereafter the sample 
tended to deform at a relatively constant velocity. 
Strain rates reported on Table FS are based on the 
constant velocity portion of the test. 

F.4.7 CRR Tests- Undisturbed Samples 

Five triaxial tests (CRR1 through CRRS) were per
formed on undisturbed samples primarily to obtain recon
solidation characteristics of the soil after being 
subjected to cyclic loading. The tests are designated CR 
~o indicate cyclic loading under undrained conditions and 
R to indicate monotonic loading after cyclic loading. 
The following procedure was followed: 

Phase Procedure 

a Anisotropically consolidate specimen to 
the approximate in situ stresses at the 
sample location prior to the 1971 earth
quake. 

b Close drainage to specimen and cyclically 
load specimen to a maximum cyclic axial 
strain (single amplitude) of about 3%. 
Restrictors were placed on the load 
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piston so that cyclic strains would not 
exceed 3%. 

c Open drainage to specimen and measure the 
decrease in void ratio caused by dissipa
tion of excess pore pressure in specimen. 

d Anisotropically consolidate specimen to 
the approximate in situ stresses at the 
sample location in 1985. 

e Decrease consolidation stress to a1c = 
03c = 0.1 kg/cm2. 

f !sotropically consolidate specimen to 
0 3c = 8.0 kg/cm2. 

g Shear the specimen in undrained monotonic 
• compress1on. 

Undisturbed samples ranged from a 
slightly silty, widely graded sand to a clayey 
silt. Grain size curves of samples tested are 
presented in Figs. F45 to F49. Descriptions of 
individual samples after triaxial testing are pre
sented in Table F8. 

Plots of void ratio e vs a3 for each test 
are presented in Figs. F94 to F98. These plots 
show void ratio changes which occurred during each 
of the phases described above. 

A summary of Phases a through c is ere
sented in Table F7. During cyclic loading, o3 
decreased from initial values ranging from 2.5 to 
3.2 kg/cm2 to final values ranging from about 0.1 
to 0.3 kg/cm2. Drainage after cyclic loading 
caused void ratios to decrease in the range of 
0.027 to 0.048. 

Phase "e" was 
the amount of swelling 
consolidation stress. 
ficient (~e/~logoo) vs 
in Fig. 13. 

performed to obtain data on 
caused by a decrease in 
A plot of swelling coef
initial void ratio is shown 

Samples were ~econsolidated to 0 3c = 
8 kg/cm2 prior to the R phase. Results of the R 
phase are presented in Table F3 and data plots for 
individual R tests are presented in Fi~s. F99 to 
F103. 
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F.4.8 CR Tests - Remolded Samples 

Eleven cyclic triaxial tests (CR101 through CR1 11) 
were performed on anisotropically consolidated remolded_ 
samples of Batch Mix 7. The tests are referred to as CR 
tests to indicate that a cyclic axial load was applied, 
and that the samples were undrained during shear. 
Results of these tests are summarized in Table F6, and 
summary plots of the individual tests are shown in 
Figs. F106 through F115. 

The purpose of these tests was to determine the 
minimum axial strain required to trigger specimen failure 
after undrained cyclic loading. The consolidation 
stresses were chosen such that the ratio of undrained 
steady state shear strength to driving shear stress on 
the failure plane would be as close as possible to 0.54, 
the same as the factor of safety against a liquefaction 
flow slide, Susl~d, through the critical layer (Zone 5) 
on the upstream side of the dam in 1971. Because of the 
sample preparation and consolidation procedures used, we 
typically achieved laboratory Sus/~d ratios of 0.60 to 
0.70. 

It was desired to apply cyclic transient loads 
that would not be available to drive the failure. Only 
the static (consolidation) anisotropic loads would drive 
the failure. A loading ~pparatus was developed that 
allowed application of triangular shaped axial compres
sion pulses. A schematic diagram of the loading appara
tus is shown in Fig. F104. The anisotropic load (Lc) was 
applied to the sample by adding dead load to the han~er 
system beneath the sample. At the conclusion of con
solidation, the drainage lines to the specimen were 
closed. The cyclic load (Fa) was then applied by 
imparting blows to the spring/cushion system above the 
sample using a hand-held sledge hammer. The stiffness of 
the spring/cushion system resulted in triangular spikes 
lasting about 0.03 to 0.05 seconds. 

The force applied to the loading yoke was moni
tored using a load cell mounted beneath the spring/ 
cushion system. The load applied to the soil was 
measured using the load cell mounted below the soil 
sample. Axial strain was measured using DCDT's mounted 
on the load piston, and pore pressure was monitored using 
standard pore pressure transducers. All measurements 
were recorded on a strip chart recorder. 
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A typical strip chart record, from test CR1 11, is 
shown in Fig. F105. The record has been redrawn to show 
axial strain (£a) instead of deformation, and effective 
minor pr~ncipal stress (o3) instead of pore pressure. 
The appl1ed ~yclic force Fa is the force applied over and 
above the an1sotropic consolidation load Lc• The total 
so~l f~rce.Fr is the load resisted by the soil at any 
po1nt 1n t1me, and therefore includes the anisotropic 
load and any additional load imparted to the soil by the 
eye lie loading. 

As ~hown in Fig. F105, the applied cyclic force 
for test CR111 greatly exceeded the available soil 
resistance, (i.e. a force of approximat.ely 36 kg was 
applied to the loading yoke, while the soil could resist 
only about 19 kg more than the consolidation load).
Therefore the sample yielded and accumulated axial 
strain. Two load cycles of approximately equal magnitude 
were applied in the test. 

_The axial strain at the end of cyclic loading for 
test CR1 11 was about 0.47%. After cycling had stopped 
the sample continued to creep under constant load to a 
strain of 1.05%. At that point the creep rate acceler
ated and the sample underwent rapid failure. 

The significance of the axial strain at the end of 
cycling, and at the start of rapid failure can be seen by 
observing the stress-strain curve for anisotropically 
consolidated specimens loaded monotonically at slow 
strain rates. The axial strain at peak for the strain 
controlled tests averaged about 0.1%. The~efore, the 
strain at the end of cycling during test CR111 had 
exceeded the strain to peak. However, during the strain 
controlled tests the available soil resistance at strains 
of up to about 1% was greater than the consolidated 
shear stress. Therefore, during the cyclic test, when 
the accumulated strain had reached about 1%, the driving 
shear stress exceeded the soil resistance, and the sample 
failed rapidly. 

F.5 Laboratory Vane Shear Test 

One laboratory vane shear test was performed on an 
undisturbed sample of the clayey core (Sample UF14C from 
Boring U105). This sample was located below groundwater level 
at the time of sampling in 1985. 

The laboratory vane was 1.27 em in diameter and 1.27 em 
in height. The vane rotation rate was 19 degrees/second. 
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Results of the vane shear test are presented in 
Fig. F116, which includes a plot of vane shear strength vs 
displacement of the periphery of the vane. 
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Boring No./ Sample 
or No. 

Exploratory 
Shaft(ES) 

SlOt S7 
SlOt Sl7 
Sl02 S22 
Sl03 Sl8 
Sl03 S27 
Sl04 SIS 
Sl04 S22 
Sl05 S32 
S I I 1 S9 
S I 1 1 S25 

Ul03 UF3B 
UF3C 

Ul05 UFIOC 
UF14C 

u 11 1 UF8B 
UF23B 

U IliA UF9B 
UF14D 
UF16D 
UF19A 
UF19C 
UF20D 
UF21A 

Notes: See page 2. 

Geotechnical Engineers 

TABLE Fl - LIST OF LABORATORY TESTS 
Lower San Fernando Dam 

Depth (Elevation) I) Grain Size Specific Compaction 
to Top of Curve Gravity Test 

Test Specimen 
ft Fig. No. Table No. Fig. No. 

30.0 (1085.5) F8 
59.9 (1055.6) F9 
66.0 (l 048.6) FlO 
50.2 (1043. 7) Fll 
67.0 (1026. 9) Fl2 -
85.0 (1029.5) Fl3 -

105.0 (1009.5) Fl4 - -
89.0 (1025.1) Fl5 - -
28.0 ( 106 7. 1 ) Fl6 -
61.0 (1034.1) Fl7 -
80.4 (1014.7) F43 -
80.9 (1013.0) F32 

89.8 (1024. 3) F33 

58.4 (1036.7) F49 
87.7 (l 007. 4) F42 - -
64.4 (1030.7) F48 
74.5 (1020.6) F38 -
78.5 (1016.6) F39 - -
83.3 (1011.8) F44 - -
84.3 (1010.8) F29 -
86.5 (1008.6) F40 
87.1 (1008.0) F41 -

Inc. 

Page 1 of 2 

Engineering Properties Tests2) 

Test No. Table No. Fig. No. 

-
- -

- -- -
- -- -- -

- -- -
-Rl9 FJ F68 -R8 F3 F57 

R9 F3 F58 
LVI Fll6 

CRR5 F3, F7 F98, Fl03 -R18 F3 F67 

CRR4 F3, F7 F97, F102 -R14 F3 F63 -Rl5 F3 F64 -R20 FJ F69 -R5 FJ F54 -Rl6 FJ F65 -Rl7 F3 F66 

Project 85669 
September 2, 1987 



TABLE Fl - LIST OF LABORATORY TESTS 
Lower San Fernando Dam 

Page 2 of 2 

Boring No. / 
•o r 

Sample 
No. 

Deptl1 (El evation)1) 
to Top of 

Grain Size Specific 
Curve Gravity 

Compaction Engineering Properties Tests2) 
Test 

Test Spec imen Ex pl oratory 
Shaft(ES) ft Fig. No. Table No. Fig. No. Test No. Table No. Fig. No. 

ES 

Ba t ch Hix 11 > 
2 

3 
4 
5 

6 
74) 

TSI02 
TS103 
TSI12 
TS 116 
TS203 
TS207A 
TS302 
TS306A 
TS306B 
TS309A 
TS309B 
TS314 
TS315 

53. 2 (1 044.3) 
53.2 (1044.3) 
55.1 (1042.4) 
56.4 (1041.1) 
65.0 (1032.5) 
65.0 (1032.5) 
83.5 (1014.0) 
83. 5 (I 014. 0) 
84.4 (1013.1) 
83.4 (1014.1) 
83.8 (1013.7) 
84. 1 ( 1 0 1 3. 4 ) 
85.1 (1012.4) 

53.2 (1044.3) 
54.6 (I 042. 9) 
55.1 (1042.4) 
56.4 (I 041. l) 
65.0 (1032.5) 
66.3 (1031.2) 
83.5 (1014.0) 

Not es: l) Elevation datum is NGVD. 

F28 
F35 
F47 
F27 
F26 
F34 
F25 
F46 
F31 
F30 
F45 
F37 
F36 

FIB 
Fl9 
F20 
F21 
F22 
F23 
F24 

-

-
-
-
-

F2 
F2 
F2 
F2 
F2 
F2 
F2 

-
-
-
-
-
-

---
F1 
F2 
F3 
F4 
F5 
F6 
F6 

-R4 -Rll -CRR3 -R3 -R2 -RIO -Rl -CRR2 -R7 -R6 -CRRl -Rl3 -Rl2 

-
-

- -R101-Rl10 
S1, S2 - -R201-R209 - -CR101-cRlll 

2) See text of Appendix F for definitions of engineering property test prefixes: - - -R, CR, CRR, S, LV. 
3) See Table F2 for description of batch mixes. 
4) See Section F3.3 of text for Atterberg Limit Determinations and Section F3.4 of 

text for Mineralogical Analyses. 

Geo technical Engineers Inc. 

F3 
F3 

F3, F7 
F3 
F3 
F3 
F3 

F3, F7 
F3 
F3 

F3, F7 
F3 
F3 

-
-
-
-
-
F4 
F4 
F5 
F6 

F53 
F60 

F96, F101 
F52 
FSl 
F59 
F50 

F94, F99 
F56 
F55 

F95, FlOO 
F62 
F61 

-

-
-

F72-F81 
F82, F83 

F85-F93 
Fl04-Fll5 

Project 85669 
September 2, 1987 



TABLE F2 - SU~rnARY OF BATCH MIX SAMPLES FORMED FROM 
BAG SAMPLES TAKEN FROM EXPLORATORY SHAFT 
Lower San Fernando Dam - California 

Batch ~Ux Elevation Range, 
No. NGVD 

1 1044.3 to 1043.7 

2 1042.9 to 1042.3 

3 1042.4 to 1041.8 

4 1041.1 to 1040.5 

5 1032.5 to 1031.6 

6 1031.2 to 1030.5 

7 1014.0 to 1012.3 

Notes: 

Bag Samples 
Forming Mix 

BS 102, 103, 104 

BS 105, 106, 107 

BS 108, 109, 110 

BS 112 t 113 t 114 

BS 201, 202, 203 
204 t 205 

BS 207, 208, 209 
210 

BS 301, 302, 304 
305, 306, 308 
309, 311 

Soil 

uses Symbol 

SH 

HL, HL-CL 

SP-SH 

SH 

SH 

SH 

SH-ML 

1) Tt1e percent passing the No. 200 sieve is based on the 
minus No. 4 sieve fraction. 

2) ASTM Dl55 7, Hethod A was used. Only the minus No. 4 
sieve fraction is used for this method. 

Geotechnical Engineers Inc. 

Descrietion 

% Passing1} Cu 
No. 200 

Sieve 

14. 1 3.6 

87.8 )30 

10.6 4.9 

20.9 3.8 

37.5 6.1 

30.7 4.2 

50.5 31.5 

Specific 
Gravity 

2.68 

2.71 

2.67 

2.68 

2.67 

2.68 

2.69 

Maximum 
Dry Unit Wel,ht, 

ASTH 015572 

ecf 

104.0 

113. 5 

110. 5 

104.5 

104.8 

103.5 

115.9 

Project 85669 
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Tes t 
No. 

Rl 

Bor ing No. / 
Sample No. 

o r 
Exp loratory 
Shatt <ESJ/ 
Sample No . 

ES/TS302 

Depth 
IE I > 

to Top 
of Test 
Spec imen 

( 1 I 

ft 

83. 5 

In Si t u 
( 1985) 

12) 

pet 

96. 6 

Dry Unit Wei ght 
(Void Ratio> 

In Tube 
After 

Samp I I ng 
In Fi el d 

pet 

97 . 8 

In Triaxial Cel l 
In l tl al End of 
Under Shear 

Vacuum 

pe t pe t 

99. 0 100. 7 
I 10 14. 0) 10. 738) 10. 716) 10. 696) 10. 667) 

R2 ES/TS203 

ES/TSI I6 

R4 ES/TS I02 

R5 UI II A/U I9C 

R6 ES/TS309A 

R7 ES/TS3068 

R8 1J I 0 3/ lf" .3C 

R9 Ul05/ lf" IOC 

RI O ES/TS207A 

Rll ES/TS 103 

Rl 2 ES/TS315 

Rl3 ES/TS314 

Rl4 UI I IA!lf"1 4D 

Not es: See page 2. 

65. 0 
11 032.5) 

56. 4 
11041.1 ) 

53. 2 
I 1044. 3) 

84 . 3 
I 1010. 8) 

83.4 
110 14. 1) 

84.4 
110 13. 1) 

80. 9 
I 1013. 0) 

89. 8 
( 1024 . 3) 

65. 0 
I 1032. 5> 

53. 2 
I 1044. 3) 

85. I 
I 10 12.4 ) 

84 . 1 

I 10 13.41 

74. 5 
11020. 6) 

Geotechn ica l Eng ineers Inc. 

96. 1 96. 5 
10. 734) 10. 726> 

96. 2 96. 2 
10.738) 10. 739 ) 

94 . 5 
10. 762l 

96. 7 

10. 730) 

93. 6 94.1 97 . 5 
10.787) 10. 777> 10. 7 16> 

101 . 3 
10. 657) 

97 . 3 
10. 7251 

98. 5 
10. 7051 

97. 3 
C0. 724 ) 

102. 0 
10. 6571 

93.4 

10 '· 5 
C0. 654 ) 

97 . 7 
10. 718) 

98. 8 
co. 699 I 

97.4 
<0. 7231 

102. 1 
(0.657 ) 

93.3 

103.4 
10. 6241 

10 1. 2 
10. 659) 

99. 3 
C0. 690 ) 

99. 3 
C0. 69 1) 

101 . 6 
10. 663) 

95. 1 

(0.791) (0.793 ) (0.759) 

97 . a 97. 6 99. 6 

96. 4 
C0. 726l 

98. 5 
10. 697) 

100.3 
10.667) 

105. 6 
C0. 590) 

104. 6 
(0. 605) 

102. 6 
C0. 636) 

103. 2 
c 0. 626) 

106. 0 
10. 595) 

98. 0 
co. 707) 

103. 0 
10.7 101 (0.714) (0. 679 ) (0. 642) 

102. 0 
<0. 645) 

96. 0 
co. 749) 

97 . 9 

<0.71 5) 

101. 5 
(0. 653 ) 

97.4 
C0. 7101 

97 .4 
co. 723) 

102. 1 
(0. 645) 

98.4 
10. 706) 

98. 2 
(0.709 ) 

105. 6 
C0. 589) 

103. 3 
C0. 625) 

102. 7 
C0. 635) 

TABLE F3 - R TESTS ON UNDISTURBED SPEC IMENS 
Lower San Fernando Dam 

Ef fective 
Conso l i

dation 
Stress 

4. 0 

6. 0 

6. 0 

Shear 
Stress 

2. 98 

5. 63 

7. 63 

At Peak 
Ax i a l Fr ict ion 
Stra in Ang le 

S deg 

19.3 34.7 

19. 0 35. 0 

21.3 34.9 

Shear 
Str ess 

2. 98 

5.49 

7.49 

At Steady State 
Effecti ve Ax i al Shear 
Minor St ra i n St r eng th 

Prl ncl pa I 
St ress -a3s 

2. 25 

4. 38 

5. 86 

19. 3 

24. 6 

25. 0 

2.45 
<2.36 ) 

4. 56 

6. 20 

6. 0 > 5.36 > 25.0 32. 8 5.36 > 4. 55 > 25. 0 > 4. 51 

6. 0 4. 76 19. 9 33. 7 

8. 0 3. 91 20. 6 34. 5 

8. 0 3.1 5 14. 1 

8. 0 4. 30 23. 2 34. 5 

8. 0 3.85 19.9 

8. 0 5.33 21.8 

12. 0 8.44 14.6 34.8 

12. 0 7. 56 17.9 33. 6 

12. 0 4. 31 15.9 33. 8 

12. 0 5.43 31.6 

4. 76 3. 82 

3.86 3. 04 

3. 02 2.47 

4. 30 

5. 32 4.47 

8. 32 6. 50 

7. 51 6. 34 

4. 12 3. 51 

5.23 5. 07 

25. 0 

24.4 

23. 2 

25. 0 

25.0 

16.4 

19. 8 

24.4 

32. 0 

3.96 
(4.011 

3.20 
( 3. 20) 

2. 52 
12.59 ) 

3.54 
0.461 

4.47 

6.88 

6.31 
<6. 661 

3.47 
13.691 

4.68 
( 5.}3) 

Friction 
Ang le 

cps 

deg 

34. 7 

33. 8 

34. I 

32.8 

33.7 

34. 0 

33.5 

34. 5 

32. 2 

34.2 

32. 8 

32.7 

31.3 

Back 
Pressure 

6.0 

12. 0 

10. 0 

8. 0 

8. 0 

7. 0 

7. 0 

7. 0 

7. 0 

7. 0 

7. 0 

7. 0 

7. 0 

4. 0 

Page I of 2 

Pore 
Pressur e 

Coef f lc I ent 

0. 97 

0. 97 

0. 93 

0. 97 

0.98 

1.0 

0. 97 

0. 97 

0. 97 

0.97 

0.94 

1. 0 

'· 0 

0. 95 

Axi al 
Strai n 
Rate 

S/ mln 

0.31 

0. 31 

0.32 

0. 34 

0.34 

0.47 

0.47 

0.45 

0. 21 

0.47 

0.47 

0 .47 

0.48 

Project 85669 
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TABLE F5 - R TESTS ON UNDISTURBED SPEC IMENS 
Lower San Fernando Dam 

Test 
No. 

Rl 5 

Boring No.I 
Sample No. 

or 
Exp I oratory 
Shaft <ESl/ 
Sample No, 

UIIIA/ l.F 16D 

Depth 
( E I l 

to T ::~p 

of Test 
Specimen 

(I) 

ft 

78. 5 
( 1016.61 

Rl6 UIIIA/l.F20D 86.5 
( 1008.6) 

R 17 U111A/l.F21A 87.1 
( 1008.0) 

R1e U111/l.F23B 87,7 
(1007.4) 

R1 9 U 103/ l.F 3B 80.4 
(1014,7) 

R20 U111A/ l.F19A 8).) 

CKI-! 1 E5/T53098 

CHR:.! lS/TS}06A 

CRR3 ES/TS 112 

CRR4 U 1 11 A/ l.F 98 

CRR5 Ull1/l.F8B 

Gonord l Notes : 

Cal Tes t Datal Is: 

( 10 11.8) 

83.8 
(1 0 1). 7) 

83.5 
( 1014,01 

55 . I 
( 1042.41 

64.4 
( 1030. 7) 

58.4 
(1036.7) 

Dry Unit Weight 
(Void Ratt o> 

In Situ 
( 1985) 

<21 

pet 

99. 5 

In Tube 
After 

Sampling 
In F leld 

pet 

97 . 9 
(0.6881 (0.714 1 

100.7 101.0 
(0.667) <0.6621 

102.1 101.5 
(0.6451 (0.6541 

101,5 101.5 
<0.654) <0.6531 

101.4 101,5 
<0.655) (0.654) 

I 03.6 103.8 
(0,6211 (0. 618) 

97 . 5 
(0.722) 

98.3 
(0. 707) 

98. 6 
<0. 702) 

98.7 
(0,702) 

105. 0 103.8 
co. 586) (0. 605) 

92.7 92. 9 
(0.798 ) (0.794) 

107.0 107.2 
(0,557) (0.554) 

In T r lax I a I Ce I I 
In It I a I End of 
Under 

Vacuum 

pet 

98.3 
(0, 707) 

102. 5 
(0. 637) 

102. 1 
(0.644) 

101 . 1 
<0. 660) 

104.3 
(0. 6091 

105.7 
(0.588) 

100. 1 
(0. 678> 

100.0 
<0 . 678) 

104.9 
co. 588) 

91. 5 
<0.8221 

109 . 2 
(0.526) 

Shear 

pet 

103.8 
<0. 6171 

107,0 
(0. 568) 

107. 1 
<0.567) 

107.6 
(0.560) 

107.4 
(0. 563) 

109. 6 
(0.532) 

106.4 
(0. 578) 

105. 7 
(0.588) 

110.8 
(0. 5031 

99. 1 
<0.681) 

115. I 

(0.448) 

- 7. 3 em (2 . 8 tn.l dla. specimens 

Effect Ive 
Consoli 
dation 
Stress 

12.0 

12.0 

12.0 

12.0 

12.0 

12.0 

8. 0 

8.0 

8.o 

8.o 

8.0 

- R1 to R 5 conventional end platens, alI others lubricated end platens. 
( b) Specimen descriptions are contained on the Individual test plots . 
<c l The letters A, B, C, and D after sample number refer to sections of 

the tube with A at t op of tube, 

Geot echni cal Engi neers Inc . 

Shear 
Stress 

4.66 

4,09 

5.58 

4,86 

8,43 

5. 94 

7. 28 

6.45 

> 9. 91 

6.24 

12.56 

~totes: 

At Peak 
Axial Friction 
Strain Angle 

S deg 

19.6 32.9 

11.6 

19.4 33.2 

18.6 32.0 

25.0 34.0 

16.4 34.4 

22.4 34.2 

20.5 

>6.2 >37.7 

22.7 33.2 

l7 .2 36,0 

Shear 
Stress 

4,64 

4.09 

5.49 

4,81 

8,43 

5.92 

7.22 

6,37 

> 9.91 

6. 11 

12. 13 

(1) Elevation datum Is NGVD. 

At Steady State 
Effective Axial Shear 
Minor Strain Strength 

Principal 
Stress 

a3s 

3,36 

4.68 

4.34 

4.65 

5.86 

5.14 

> 6.30 

5.30 

9, I I 

E 
s 

21.5 3.90 
(4. 13) 

11,6 3.42 
<3. 53) 

25,0 4.55 
(4.92) 

23.9 4.09 
(4,56) 

25,0 6,99 
( 6. 981 

20. 1 4. 90 

27 .4 

(4,89> 

6.02 
( 6. 16) 

5,40 
( 5.40) 

> 6.21 > 7,84 

25.0 5. 16 

24.3 9,96 

F rlct I on 
Angle 

cps 

deg 

32.8 

33.3 

32.7 

31.7 

34.0 

34.1 

:n.s 

33.6 

32.4 

34.8 

Back 
Pressure 

5.0 

6.0 

7.0 

6.0 

n.o 

7, 0 

5.0 

5. 0 

7, 0 

8.0 

8.0 

C2l Void ratio prior to correction due t o swel I at base of exploration shaft. 
<31 Shear stress on the 45" plane 

Page 2 of 2 

Pore 
Pressure 

Coeft I c lent 

0.96 

0.96 

0.95 

0.98 

0.96 

0, 94 

0,9 7 

0,97 

0.99 

0,95 

0.9) 

Axial 
Strain 
Rate 

S/m ln 

0.36 

0,47 

0.48 

o. 11 

0.45 

0.47 

o. 76 

o. 7 5 

o. 7 5 

o. 7 5 

0,68 

(4) Sus : undral ned steady state shear_ strength "' qs cos 'P s based on measured qs and Ill s• 
Values In parentheses equal 1.051 o3s derived from the geometry of the Mohr 's c irc le and steedy state 
friction angle of 34" measured for Batch Mix 7 from Zone 5 of the hydraulic fll I shel I. 

(5) Be Is the B-value of the specimen after back pressure saturation. 

Project 8 5669 
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TABLE F4 - R AND S TESTS ON BATCH MIX 7 
ISOTROPIC CONSOLIDATION 
Lower San Fernando Dam 

Page 1 of 2 

Test Dry Unit Weight Effective At Peak At Steadx: State Back Pore Axial 
No. (Void Ratto) Consolidation Shear Axial Friction Shear Effective Axial Shear Friction Pressure Pressure Strain 

In Ho ld In Triaxial Cell Stress Stress Strain Angle Stress Minor Prin- Strain Strength Angle Coefficient Rate 
lnitlal End of cipal Stress 
Under Shc:tr 0 3c = 0 1c qp E:p 'lip qs - E:s su~ IPs uc Be 

Vacuum ~3s • (o fs) 
(1) ( I ) (2) (3) ( 4) 

pcf pcf pcf kg/cm2 kg/cm2 deg kg/cm2 kg/cm2 7. kg/cm2 deg kg/cm2 7./min 

RIO I 80.9 I02 .9 II 0. 3 12.0 4.35 24.7 35. l 4.35 3. 22 24.7 3.55 3 5. I o.o 0.96 0.')1 
( I. 06) (0.634) (0.522) (5.02) (3. 38) (3. 38) 

Rl 02 68.3 77.4 106.5 2.0 I. 24 25.4 34.9 I. 24 0.93 2'>.4 I. 02 34.9 I I. 0 0.98 n. 1,2 
( l. 44) (I.I5) (0.576) (1.45) (0.98) (0.98) 

Rl0'3 68.9 75.7 I04.6 4.0 0.9I o. 77 I9.4 0.68 0.57 8.2 0.58 32. 2 16.0 0.94 o. 1,2 
(1.41) (I .20) (0.605) (0.89) (0.60) (0.60) 

R"tn4 90.4 107.3 111. 0 6.0 > 3. 48 > 25.2 33. 5 > 3. 48 > 2.82 > 25.2 > 2. 90 33.5 13. 0 0.93 o. () 73 
(0.843) (0.552) (0.512) ()4.40) ()2.96) 

R105 82. 1 105.5 2.0 > 0.89 > 28.2 35.7 > 0.89 > 0. 63 > 28.2 > o. 51 35.6 7.5 0.98 0.()74 
(1.03) (0.592) ()0.98) (>0. 66) 

Rl06 67.8 76.8 101 . 7 2.0 0.46 0.84 18. 1 0.31 0.24 20. I 0.28 33.6 s.o 0.95 o. 17 
(1.46) (I.I7) (0.651) (0. 37) (0.25) 

R"to7 69.4 76.0 106.4 8.0 1. 71 0.94 18. 3 1. 42 1.26 10.9 1. l 7 33.9 6.0 0.97 0.55 
(1.40) (1.19) (0.578) (l. 96) (1. 32) 

RI08 68.6 8I.8 115. 7 32.0 9. 77 30.1 31. 3 10.6 9. 77 30. 1 9.04 31.3 7. 0 I. 00 1. 93 
( 1. 43) (1. 04) (0.451) (15.23) (10. 27) 

R"to9 68.8 75.3 11 1 • 5 20.0 5.64 27.3 33.6 5.6 4.55 27.3 4.70 27.3 9.0 0.97 0.86 
(1.42) (1.21) (0.506) (7.09) (4.78) 

Rll 0 68.3 77.12 108.8 12.0 3.29 26.8 33.5 3.29 2.67 26.8 2.74 33.5 7. 0 0.96 0. 43 
( l. 44) (1.16) (0.543) (4. 16) (2.80) 

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Notes: See page 2. 
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TABLE F4 - R AND S TESTS ON BATCH MIX 7 
ISOTROPIC CONSOLIDATION 
Lower San Fernand o Dam 

TesL Dry Unit Weight Effective At Peak At Stead:z: State 
No. (Void Ratio) Consolidation Shear Axial Friction Shear Effective 

In Mold In Triaxial Cell Stress Stress Strain Angle Stress Minor Prin-
Initial End of c ipal Stress 
Under Shear 0 3c = 0 lc qp e:p <pp qs -

Vacuum ~3s 
<0 ts> 

( I ) ( I ) (2) 
pcf pcf pcf kg/cm2 kg/cm2 deg kg/cm2 kg/cm2 

S I 69.7 99.4 106.2 2.0 1. 55 28.4 35.2 I. 55 1.14(7) 
(1.41) (0 . 689) (0.58 1)(5) ( 1.78) 

S2 65.2 96. 5 113.4 7.0 7.43 19.2 31.0 7.43 7.0 (8) 
(I. 573) (0.739) (0.480)(6) (10.91) 

Cent.'! r .tl Not es: Test Details 

Notes : 

- 7.3 em (2 . 8 in.) dla. spec imens 
- lubricated end platens 

(I) Shear stress on the 45° plane. 

-(2) ofs is effective stress on the specimen failure plane based on 'Ps = 34°. 

(3) Sus = undrained steady state shear_strength = qs cos <ps 
Values in parentheses equal 1. 051 o3s• derived from the geometry of the 
Mohr's circle and '~'s = 34°. 

(4) Be is the B-value of the specimen after back pressure 
saturat i on. 

(5) Void ratio after consolidation= 0.650. 

(6) Void ratio after consolidation= 0.572. 

(7) 

(8) 

('J) 

o 3 adjusted during test to keep approximately constant effective stress on 34° plane. 

OJ adjusted during test to keep approx!mately constant ~ffectlve stress on 34° plane 
up toe: = 17.5% , then re-adjusted to 03 = 7. 0 kg/cm2• 

~ds = drained steady state sh~.tr strength = q5 cos<ps• Values ln parentheses equal 1. 05 1 
o35 , derived from the geometry of the Mohr's circle and 'Ps = 34°. 

Geotechni cal Engineers Inc. 

Axial 
Strain 

e:s 

% 

28.4 

19. 2 

Shear Friction 
Strength Angle 

Sds IPs 

(9) 
kg/cm2 deg 

1. 27 35.0 
(1.20) 

6.37 31.0 
(7. 36) 

Hack 
Pressure 

uc 

kg/cm2 

7. 0 

6.0 

Page 2 of 2 

Pore Axial 
Pressure Strain 

Coefficient Rate 

Be 

( 4) 
%/min 

0.97 o. s 

0.97 0. 5 

Project 8 5669 
September 2, 1987 



Test 
No. 

R201 

R202 

R20.3 

R204 

R205 

R206 

R207 

R208 

R209 

Type of 
End 

Platen 

( I l 

L 

L 

L 

L 

c 

c 

c 

L 

L 

Dry UnIt We I ght 
(Void Ratio) 

In Mold In Triaxial Cel I 

pet 

68.44 
( 1.45.3) 

68.55 
( 1.4491 

68.49 

( 1.451 I 

68 . 6.3 

I n I t I a I End of 
Under Shear 

Vacuum 
pcf pet 

77. 14 
(1.1761 

77.24 

104.8 
<0.601 I 

104.9 
<0.601) 

102. I 

<0.6441 

101 . 8 
( 1.4461 <1 .1 7.31 <0.6491 

68.47 
( 1.4521 

78.30 10.3.2 
<1.1441 (0.6271<71 

68 . 56 79.85 103.4 
( 1.448) ( 1.1021 <0.62.31 

68 . 70 84.42 10.3. 6 
<1.44.3) <0. 9881 <0.6201 

68.52 
( 1.450) 

10.3. 8 
(0.6171 

68.47 76.53 102.5 
(1.4521 (1.193) (0.6.371 

Effective 
Consoll 

dat Jon 
Stress 

a:Sc 

2. 0 

2. 0 

1.0 

1. 0 

I. 0 

I. 0 

1.0 

1.0 

1.0 

Consoli 
dation 

Shear 
Stress 

Qc 

<21 
kg/cm2 

1. 00 

1.00 

0.49 

0. 50 

0.51 

0.51 

0.51 

0.50 

0.50 

TABLE F5 - R TESTS ON BATCH MIX 7 
ANISOTROPIC CONSOL IDATI ON 
Lower San Fernando Dam 

At Steady State 
Shear Axial 
Stress Strain 

Shear 
Stress 

Effective Axial Shear 
Minor Prln- Strain Strength 
clpal Stress 

(21 
kglcm2 

1.46 

I • 31 

0. 71 

0. 59 

0. 58 

0.73 

0.64 

0.61 

0.62 

0.6 

(21 
kg/cm2 

(6) 

0.23 0.98 

0.22 (6) 

0.1 2 (6) 

0.08 0.33 

o. 70 (6) 

0.16 0.61 

0.18 0.53 

o. 13 0.30 

03s -<at s > 

kg/cm2 

(61 

o. 70 
(1.09) 

(6) 

<61 

0.29 
( o. 4 5) 

(6) 

0.40 
(0.62) 

0.41 
(0.64) 

0.24 
<0 • .371 

-

15.0 

16.0 

25.0 

17.7 

24.0 

0.72< 4 > 

0.80 
10.741 

0.26 
10.301 

0.49 
10.421 

0.44 
10.4.31 

0.25 
10.251 

Frlct Jon 
Angle 

deg 

35.6 

33.3 

37. 1 

.34.5 

33.7 

Back 
Pressure 

9.30 

4 • .30 

7.80 

4. 00 

.3.80 

2.60 

5.00 

4.00 

2.50 

Pore Pressure 
Coef f I c I ent 

( 5 I 

0.92 

1.00 

0.95 

0.99 

0.97 

0.97 

1.00 

1.00 

0.97 

MalCimum 
Axial 

Strain 
Rate 

S/m In. 

3800 

48 

4600 

0 .51 

0.51 

4900 

34 

0.90 

0.69 

(81 

0.87 

0.69 

0.69 

0.60 

o. 71 

0.99 

0.60 

General Notes: Test Detai ls 

Notes: 

- 7.3 em dla. specimens 

(I) L =Lubricated , C =Conventional 
(2) Shear stress on the 45" plane 
(.3) Sus = undrained steady state shear strength = Qs cos~s -Values In brackets equal 1.051 03s• derived from the geometry of the 

Mohr' s c ircle and ~s = 34". 
(4) Steady state shear strength determined from void ratio of specimen 

at end of shear and relationship between void ratio and steady state 
strength for Batch Mix 7 shown In Fig. 16. 

Geotechnical Engineers Inc. 

(6) Sample did not reach steady state condition. 
(71 Upper I em of specimen accidentally denslfled during setup. Void ratio 

presented Is average for specimen and Is higher than void ratio In shear 
zone of specimen. 

(6) qccos's • driving shear stress on specimen failure plane; ~~a .34". 

ProjecT 65669 
January 15, 1988 



TABLE F6 - CR TESTS ON BATCH MIX 7 
Lower San Fernando Oem 

Test 
No. 

Void 
Ratio 
at 

End ot 
Shear 

CR101 0,646 

CR11)l 0.6:56 

CR1 0J 0,59:5 

CR104 0.640 

CR 1<)5 0 . 64 7 

CR106 0,64:5 

Effective 
Con so II da-
tion Stress 

1. 0 

1.0 

1.0 

1. 0 

1. 0 

1.0 

Consoli
dation 
Shear 
Stress 

(I) 

qc 

o. 50 

0.52 

0.52 

0.50 

0.51 

0.50 

Maximum 
App II ed 
Cyc I I c 

Load 
<2> 
Fa 

kg 

( 12) 

(8) 

:58 + 

:50,5 

98.8 

5:5.2 

Maximum 
Applied 
Stress 

(12) 

(8) 

1.08 + 

0,9:5 

1. 90 

1. 25 

Maximum 
Cyclic Load 
ResIsted by 

Soli 

D> 
Fr 

kg 

9.5 

17. J 

18.2 

16.:5 

23. 1 

18.4 

Ma><lmum 
Soli 

Stress 

(1) 

0.6:5 

0.76 

0,79 

o.B 

0.8:5 

o. 76 

CR107 NOTE: Samp le Fa1 led Inadvertently During Anisotropic Consol idation 

CR10tl 0,649 1. 0 0.50 28.7 0.90 18.2 o. 76 

CR109 0,645 1. 0 0,51 24,7 0.85 14.9 0.72 

CR110 0.651 1. 0 0.50 2:5. 1 0.8:5 16.6 0.74 

CRill 0 . 646 1. 0 0.50 :56.1 1. 0 1 19,4 0,77 

Gon .. ral Notds: 

Cal Lubricated end platens used tor alI tests. 
( b I Samp Ia dIameter at end of an IsotropIc con so I Ida t I on ::: 6. 7 em. 

Ac =sample diameter after consolidation. 
Not.:~s : 

Ill Shear stress on the 45" plane. 
Ill Fa =Maximum cyclic load applied In addition to anisotropic load. 

Number of 
Load 

Cycles 
Applied 

8 

107 

19 

6 

5 

5 

2 

Effective 
Minor 

Principal 
Stress et 

End ot Cyc I I c 
Loading 

( 4) 

0 Jec 

0.42 

0.:56 

0,52 

0.43 

0.53 

0.56 

0.69 

o.ao 

O.B 

(J) Fr =Maximum load above anisotropic consol idation load felt by sample during cycl ic loading. 
(4) See Fig. F105 tor point defining end of cyclic loading. 
(5) See Fig. F105 tor point defining start of rapid failure. 
(6) Pore pressures unable to equalize during rapid failure. 
(7) Sus determined from void ratio ot specimen at end ot shear and relationship 

between void ratio and steady state strength tor Batch Mix 7 shown In Fig. 15. 

Geotechnical Eng i neers Inc. 

Accumulated 
Axial Strain 

at End of 
Cyc lie 

Loading 
( 4) 

E: 
ec 

19.7 

a. 11 

16.5 

1,85 

5,74 

1. 26 

1. 26 

0.57 

0.:55 

0,47 

Time trcrn 
End of Cyc II c 

LoadIng to 
Start of 

Rapid Fall ure 
(5) 

min 

(10) 

(9) 

0.07 

( 11) 

0,07 

0.28 

I. 1 

42 

Axle I 
Strain 

at Start 
ot Rapid 
Failure 

( 5) 

o. 77 

(11) 

( 9) 

2.31 

( 11) 

1.85 

1,85 

1,05 

I. 19 

1.05 

Ef teet I ve 
Minor 

Principal 
Stress at 
Start ot 

RapId F 11 II ure 
( 5) 

o. 76 

(11) 

( 9) 

0.46 

(11) 

0.44 

0.48 

0,56 

0.54 

0,58 

(6) Fa not measured during this test. 
{9) Rapid failure did not occur during this test. 

E f teet I ve 
Minor 

Principal 
Stress at 
20S Axial 

Strain 
( 6) 

0.4 5 

o.n 

0.32 

0.31 

0,12 

0. 20 

0,36 

o. 17 

0.2:5 

Undral ned 
Steady 

State Shear 
Strength 

(7) 

0.27 

o.n 

0.64 

o.JI 

0.27 

0.29 

0.26 

o. 27 

0 ,25 

0.27 

(10) Sample strained trcrn 0.2JS to 19,7S during third ccrnpresslon cycle, 
Loads applied with air piston, 

(11) Ropld failure began during cyclic loading. Cyclic loading was continued 
otter start of ropld failure, 

(12> Loads applied with air piston system In this test; Fa not measured, 

0,65 

o. 76 

1. 95 

o. 75 

0.64 

o. 70 

0.63 

0.64 

0.60 

0,65 

Project 65669 
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TABLE F/ - SIJMMARY OF VOLUMETRIC STRAINS 
A 1-~l'ER UNDRA !NED CYCLIC LOADING 
CRR TESTS 1 THROUGH 5 
Lower San Fe rnando Dam 

Test Bo ring No . I De pth Effect ive Conso li - e 1 ) c No. of Max i mum Cumulative 6 e4) t~v5) 
No . Sam ple No . (E l ) dati on Stress Load Cyc l ic 

or to Top Cycles St r a i n 
Exp loratory of Test - Applied2) (3) a 1c a3c 
Sha ft ( ES) I Specimen 
Sample No. 

ft kg /cm2 kg/cm2 % 

CRR1 I~S/ TS309l~ 81.8 4 . 0 3 . 2 o.n4R 4 . 5 ) . 07 
(1013 . 7) 

CRR 2 l·:s /TS 3()6A 83.5 4 . 0 3.2 0 . 652 3. 5 3 . 05 
(10 14 . 0) 

CI<R3 ESI TS112 55. 1 2.8 2. 5 0 . 553 5 . 5 2 . 98 
(1042 . 4 ) 

CI<R4 IJ 11 1AIUF9B 64 . 4 3 . 2 2 . 7 0 . 751 3 . 5 3 . 05 
( 1030 . 7) 

CI<R5 U 1 1 1 I UF8 K 58 . 4 3 . 0 2 . 5 0 . 507 11.5 2.86 
(10 36 . 7) 

General Notes : 

a) Test Details: 

- 7 .3 em (2 . 8 in . ) dia . specimens, lubrica ted end platens . 

b) The letters A , H, 1- , ;md f) after samp le numher refer t o sections of the tuhe , 
with A at the top of the tuhe . 

Notes: 

1) ec ts void rat io imm ed iately prior to cyclic loading . 

2) First a nd Last cycles were compress i on . After cycling , sample came to rest 
on a "stop" placed to prevent co llapse of the samp l e . 

3) Cyc li c strr~in i s sin1~le amp litude .1>d.:1 l stra in , equal to one half of measured 
double amplitude strnin . 

4) 

5) 

lle i s that which occurred afte r drainage lines were opened . 
d r a inage , sample was at o1c• O)c noted . 

Geotechnical Engineers Inc . 

At co1npletion of 

Axial 
Strain 
Afte r 
Cyc li.c 
Load i ng 

% 

3. 2 

3 . 2 

3 . 6 

3 . 6 

3 . 6 

v 

% 

0 . 048 2 . 9 1 

0 . 019 2 . 36 

0 . 027 1. 74 

0 . 037 2 • 1 1 

0 . 038 2 . 52 

Project 85669 
Septemher 2, 1987 



Triaxial 
Test No. 

-Rl 

-R2 

-Rl 

-R4 

TABLE F8 - DESCRIPTION OF TRIAXIAL TEST SPECIMENS - UNDISTURBED SAMPLES 
Lower San Fernando Dam 

Boring No. 
or 

Exploration 
Shaft(ES) 

ES 

ES 

ES 

ES 

Sample 
No. 

TS302 

TS203 

TS116 

TS102 

Sample 
Length 
After 

Testing 
em 

13.0 

12.5 

12.5 

11.0 

Sample Descriptions 

Stratified silty fine sand, fine sandy 
silt, and silt. Layers typically 0.5 
to 2 mm thick, )50 layers. 

Top 5 em: 
Next 1.5 em: 
Next 2 em: 
Bot. 4 em: 

Top 3 em: 
Bot. 9.5 em: 

Top 9 em: 

Bot. 2 em: 

Stratified silty fine sand. 
Clayey Silt. 
Predominantly fine sand. 
Stratified silty fine sand 
and fine sandy silt. 

Sand, widely graded. 
Stratified fine sand, silty 
fine sand, and fine sandy 
silt. Some sandy layers 
contain occasional coarse
medium sand particles. 
Layers typically 0.5 to 2 mm 
thick, )50 layers. 

Stratified very fine sand 
and silty fine sand. Layers 
typically <I mm thick, )50 
layers. 
Silt. 

Page 1 of 5 

Remarks 

Specimen bulged at 
Clayey Silt. Grain size 
analyses performed on 
a) 1.5 em silt portion 
and b) 2 em fine sand 
portion. 

Grain size analyses on 
Bot. 9.5 em. 

Grain size analyses on 
Top 9 em. 

Geotechnical Engineers Inc. 
Project 85669 

September 2, 1987 



Triaxial 
Test No. 

-R5 

-R6 

-R7 

-R8 

-R9 

TABLE F8 - DESCRIPTION OF TRIAXIAL TEST SPECIMENS - UNDISTURBED SAMPLF.S 
Lower San Fernando Dam 

Boring No. 
or 

Exploration 
Shaft(ES) 

Ull1A 

ES 

ES 

U103 

U105 

Sample 
No. 
• 

UF19C 

TS309A 

TS306B 

UF3C 

UF10C 

Sample 
Length 
After 

Testing 
em 

ll. 5 

8. 3 

8.5 

8.9 

8.3 

Sample Descriptions 

Stratified very fine sand, silty fine 
sand, and fine sandy silt. Top 7 em is 
intensely stratified. Middle 2 em 
contains silt lenses and occasional 
coarse-medium sand. Bottom 5 em contains 
occasional fine gravel, coarse-medium 
sand, and is less stratified. 

Stratified fine sand, silty fine sand, and 
fine silt. Occasional medium sand. Middle 
3 em is predominantly silty fine sand. 

Top 7 em: Stratified fine sand, silty 
fine sand, and fine sandy 
silt. Layers typically 
<0.5 mm thick, )50 layers. 

Bot. 1. 5 em: Silt. 

Silty fine sand to sandy silt. Two 5 mm 
thick layers of fine sand at top. Numerous 
0.5 to 1 mm laminae of very fine sand. 

Clayey, sandy silt. Sand is fine grained. 
Several lenses of fine sand up to about 
5 mm in diameter. 

Page 2 of 5 

Remarks 

Grain size analyses on 
Top 7 em. 

Grain size analyses on 
Top 8 em. 

Geotechnical Engineers Inc. 
Project 85669 

September 2, 1987 



Triaxial 
Test No. 

RIO 

R 11 

Rl2 

Rl3 

Rl4 

Rl5 

TABLE F8 - DESCRIPTION OF TRIAXIAL TEST SPECIMENS - UNDISTURBED SAMPLES 
Lower San Fernando Dam 

Boring No. 
or 

Exploration 
Shaft(ES) 

ES 

ES 

ES 

ES 

UlllA 

UlllA 

Sample 
No. 

TS207A 

TS103 

TS315 

TS314 

UF14D 

UF16D 

Sample 
Length 
After 

Testing 
em 

9.0 

9.5 

9.0 

8.0 

7.2 

8.2 

Sample Descriptions 

Top 8 em: Silty, fine sand with several 
laminae of siltier sand about 
2 em from top. 

Bot. 1 em: Silt. 

Silty fine to medium sand. Mostly fine 
sand. Occasional pieces of fine gravel 
and coarse sand. Sand is subangular. 

Stratified silt, fine sandy silt, silty 
fine sand, and fine sand. Layers typically 
0.5 to 2 mm thick, )50 layers. 

Stratified silt and fine sandy silt. 
Numerous 0.5 to 2 mm thick laminae of very 
fine sand. Estimate )50 layers. 

Stratified fine sand, silty fine sand, 
sandy silt, and silt. Sandier layers 
predominate fn top 2 em. Swirl patterns 
evident in bottom 6 em. 

Stratified fine sand, silty fine sand, 
sandy silt, and silt. Occasional coarse
medium sand particle. Layers typically 0.5 
to 2 mm thick, )50 layers. 

Page 3 of 5 

Remarks 

Grain size analyses on 
Top 8 em. 

Grain size analyses on 
bottom 6 em. 

Geotechnical Engineers Inc. 
Project 85669 

September 2, 1987 



Triaxial 
Test No. 

Rl6 

Rl7 

Rl8 

Rl9 

R20 

CRRl 

TABLE F8 - DESCRIPTION OF TRIAXIAL TEST SPECIMENS - UNDISTURBED SAMPLES 
Lower San Fernando Dam 

Boring No. 
or 

Exploration 
Shaft(ES) 

UlllA 

U lilA 

U111 

U103 

UlllA 

ES 

Sample 
No. 

UF20D 

UF21A 

UF23B 

UF38 

UF19A 

TS309B 

Sample 
Length 
After 

Testing 
em 

7.2 

7.7 

7. 5 

8.6 

8.5 

6.0 

Sample Descriptions 

Silty fine sand. 
silt. Occasional 
Relatively little 

Occasional lenses of 
medium sand particle. 
stratification. 

Fine sandy silt at top grading to silty 
fine sand at bottom. Top contains 
inclusions of silt about 1 to 1.5 em in 
size. Faint stratification evident. 

Top 2.5 em: 
Hid. 2.5 em: 
Bot. 2.5 em: 

Stratified silty fine sand. 
Stratified clayey silt. 
Intensely stratified silty 
fine sand and sandy silt. 

Silty fine sand. Top 2 em contains 
medium sand and occasional coarse sand. 
Relatively little stratification. 

Silty fine sand. Occasional coarse
medium sand. Faint stratification. 

Top 2 em: 

Hid. 2 em: 
Bot. 2 em: 

Stratified silty sand and 
sandy silt. Layers typically 
0.5 mm thick. 
Predominantly silty sand. 
Predominantly sandy silt. 

Page 4 of 5 

Remarks 

Grain ~ize analyses did 
not include silt inclu
sions. 

Grain size analyses on 
Hid. 2. 5 em. 

Geotechnical Engineers Inc. 
Project 85669 

September 2, 1987 



Triaxial 
Test No. 

CRR2 

CRR3 

CRR4 

CRRS 

TABLE F8 - DESCRIPTION OF TRIAXIAL TEST SPECIMENS - UNDISTURBED SAMPLES 
Lower San Fernando Dam 

Boring No. 
or 

Exploration 
Shaft(ES) 

ES 

ES 

UlllA 

Ulll 

Sample 
No. 

TS306A 

TS112 

UF98 

UF88 

Sample 
Length 
After 

Testing 
em 

7.3 

8.6 

8.0 

8.7 

Sample Descriptions 

Stratified silty fine sand and fine sandy 
silt. Mostly silty sand, several very 
fine sand laminae. Layers typically 0.5 
to 2 mm thick. 

Sand, widely graded. Mostly fine sand. 
About 8% silt. 

Top 2 em: 

Bot. 6 em: 

Silt to Clayey Silt. 
Occasional fine sand laminae. 
Two clay laminae (0.5 mm 
thick. 
Stratified silty fine sand 
and fine sandy silt. 

Sand, widely graded. Mostly fine-medium 
sand. About 11% silt. 

Specimen 
portion. 
analyses 

Page 5 of 5 

Remarks 

failed in top 
Grain size 

on Top 2 em. 

Geotechnical Engineers Inc. 
Project 85669 

September 2, 1987 



130 . 

I i I ' I I I 
I 

I I I I 
I I I I 

' 

I 
~ 

' 

I s-1001 for G-2.68 I : I 
120 

I ~~ 
- - -.- . - - ·· - -

I 
~ 

~ 110 
I 

""' 

"' 
-u 
Q. 

-
~ ~ :9' ~ G • 
• 100 loo.. ... 

" % 
(!) - B UJ 
~ ~ ... -z 90 I 
~ 

>-
cr 
Q 

80 
I I 

I 

' . 
1 I 

I I 

I 
I 

I 

' 
I . 

' 

70 I 
0 5 10 15 20 25 30 

WATER CONTENT AFTER COMPACTION, w, 0/ 0 

SOURCE OF SOIL: Exploratory Shaft 

SOIL DESCRIPTION: Batch Mix 1; Bag Samples BS102, BS103, BS104; 
.Silty Sand (SM) 

COMPACTION PROCEDURE : ASTM Dl557-78, Method A 

NOTE: "B" indicates bleeding of water from base of 
compaction mold during compaction. 

Army Corps of Engineers Re-evaluation of COMPACTION CURVE 
Vicksburg , Mississippi Lower San Fernando Dam BATCH MIX 1 

San Fernando, California 

<P G~=~~~~61NC. 
Project 85669 Feb. 20 , 1986 Fig. F1 
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WATER CONTENT AFTER COMPACTION, w, o;o 

SOURCE OF SOIL : Exploratory Shaft 

SOIL DESCRIPTION • Batch Mix 2; Bag Samples BS105, BS106, BS107; • 
SILT (ML-CL) 

COMPACTION PROCEDURE: ASTM D1557-78, Method A 

NOTE: "B" i ndicates bleeding of water from base of 
compaction mold during compaction. 

Army Corps of Engineers Re-evaluation of 
Vicksburg, Mississippi Lower San Fernando Dam COMPACTION CURVE 

San .Fernando, California BATCH MIX 2 

<P G~~=~~N~~INC. 
Pro j ect 85669 Feb. 20, 1986 Fig. F2 
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WATER CONTENT AFTER COMPACTION, w, 0/ 0 

SOURCE OF SOIL : Exploratory Shaft 

SOIL DESCRIPTION : Batch Mlx 3; Bag Samples BS108, BS109, BSllO; 
Sand and Silty Sand (SP-SH) 

COMPACTION PROCEDURE: ASTH Dl557-78, Method A 

NOTE: "B" indicates bleeding of water from base of 
compaction mold during compaction. 

Army Corps of Engineer~ Re-evaluation of COMPACTION CURVE 
Vicksburg, Mississippi Lower San Fernando Dam BATCH MIX 3 

San Fernando, California <t> GEOTECHNICAL ENGINEERS INC. 
~A • MAS6ACI-L6ETTS Project 85669 Feb. 20, 1986 Fig. F3 
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WATER CONTENT AFTER COMPACTION, w, 0/o 

SOURCE OF SOIL: Exploratory Shaft 

SOIL DESCRIPTION : Batch Mix 4; Bag Samples BS112, BS113, BS114; 
Silty Sand (SM) 

COMPACTION PROCEDURE: ASTM D1557-78, Method A 

NOTE: "B" indicates bleeding of water from base of 
compaction mold during compaction. 

Army Corps of Engineers Re-evaluation of COMPACTION CURVE Vicksburg, Mississippi Lower San Fernando Dam BATCH MIX 4 
San Fernando, California 

<P0~~~~~51NC. F4 Project 85669 Feb. 20, 1986 Fig. 
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WATER CONTENT AFTER COMPACTION, w, 0/o 

SOURCE OF SOIL : Exploratory Shaft 

SOIL DESCRIPTION • Batch Mix 5; Bag Samples BS201 through BS205; • 

Silty Sand (SM) 

COMPACTION PROCEDURE : ASTM Dl557-78, Method A 

NOTE: "B" indicates bleeding of water from base of 
compaction mold during compaction. 

Army Corps of Engineers Re-evaluation of COMPACTION CURVE 
Vicksburg, Mississippi Lower San Fernando Dam BATCH MIX 5 

San Fernando, California 

<P a~:~~= INC. 
Project 85669 Feb. 20, 1986 Fig. F5 
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WATER CONTENT AFTER COMPACTION, w, o;o 

SOURCE OF SOIL: Exploratory Shaft 

SOIL DESCRIPTION : Batch Mix 6; Bag Samples BS207 through BS210; 
Silty Sand (SM) 

COMPACTION PROCEDURE • ASTM • D1557-78, Method A 

NOTE: "B" indicates bleeding of water from base of 
compaction mold during compaction. 

Army Corps of Engineers Re-evaluation of COMPACTION CURVE Vicksburg, Mississippi Lower San Fernando Dam BATCH MIX 6 
San Fernando, California <f) OEX>TECHNJCAL ENGINEERS INC. 

WINC>EST£F'I • MASSACHu6ETTS Pro j ect 85669 Feb. 20 , 1986 Fig. F6 



130 
I I I I I I I I I I 

I . 
i ' I 

I ' 
I I 

I I I 
I I • 

I 

I 
I 

" '"' 
• 
I 
I 

! 
s-1001 for G-2.67 I 

120 ' 
I 

I 
. -

v---
110 ~ ' 

,~, -
"" 

Co) 

A. -"a " ""''~ • 
-10() 
~ • ~ ' :: 
(.!) -L&J 
~ 

~ -z 90 I 

:') 
• 

>-
a:: 
Q 

8( I I 
I 

I I ' I I • 

I ' 

' 
I 

' ' ' 

• ' I 

I 
I 

70 
I 

0 5 10 15 20 25 30 

WATER CONTENT AFTER COMPACTION, w, o;o 

SOURCE OF SOIL. 
• Exploratory Shaft 

SOIL DESCRIPTION • Batch Mix 7; Bag Samples BS301, BS302, BS304, • 

BS305., BS306, BS308, BS309, BS311; Sandy Silt (ML) 

COMPACTION PROCEDURE : ASTM Dl557-78, Method A 

NOTE: "B" indicates bleeding of water from base of 
compaction mold during compaction. 

Army Corps of Engineers . Re-evaluation of COMPACTION CURVE 
Vicksburg, Mississippi Lower San Fernando Dam BATCH MIX 7 

San Fernando , California 

<P G~~~~=~=INC. 
Proj ect 85669 Feb. 20 , 1986 Fig. F7 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
I 

' I • 'lz 'I a t • ] 2 1/r : 3 1 6 ~10 1416 20 30 4.0 so 7
1
0 1qo 110 2?0 

100 I I I I .1_ ...1_.1_ ...1 0 • • • • I' I • . 
~ • • • • • I • 
~ 

90 " 10 
\ 

80 N 20 
~ 

70 - l 30 , 
- " 60 40 

~ , 
50 f- 50 

-- f· 1- - \ 
~ 

40 f-- 1- - 60 

t - - ~ 

\ 30 · . - - - - - - . 70 , 
~ .. t- r -- r-

1\ 20 80 
\ 

"'-

10 - t · ' 90 

.... I· 

0 100 
500 100 50 10 5 I 0 .5 0 .1 0.05 0.01 0.005 0.001 

GRAIN SIZE MILLIMETERS 

COBBLES 
GRAVEL SAND J SILT OR CLAY 

COARSE I FINE COARSE I MEDIUM I FINE 

Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
Vicksburg, Mississippi Lower San Fernando Dam BORING SlOl 

San Fernando, California SAMPLE S7 

$ GEOTECHNICAL ENGINEERS INC. 
WI',CHESTER • MASSA~TTS Project 85669 iSep. 2, 1987 Fig. F8 



U.S. STANDARD SIEVE OPENING IN INCHES HYDROMETER 
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60 
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500 100 50 10 5 I 0 .5 0 .1 0 .05 0.01 0 .005 0.001 

COBBLES 

GRAIN SIZE MILLIMETERS 

GRAVEL SAND 
COARSE I FINE COARSEI MEDIUM I FINE SILT OR CLAY 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando, California 

GRAIN SIZE CURVE 
BORING SlOl 
SAMPLE S17 

BOTTOM 13 INCHES 
OEOTECHNICALENOINEERSINC. ~------------------------~------------------------~ 
~HESTER • MASSACH..JSETTS Project 85669 Sep. 2, 1987 Fig. F9 



US. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
Vicksburg, Mississippi Lower San Fernando Dam BORING Sl02 

San Fernando, California SAMPLE S22 
--- 1 TJiC.U.5'~ 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
I 

''• 
1/z ';e z ~ ! l ':lz l ~ 1 ~ ~ 10 I~ I~ 20 ¥> 4

1
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Army Corps of Engineers Re-evaluation of 
GRAIN SIZE CURVE 

BORING SlO 3 Vicksburg, Mississippi Lower San Fernando Dam SAMPLE Sl8 
San Fernando, California MIDDLE 5 INCHES cp GEOTECHNICAL ENGINEERS lNC. 

ww-.JCHESTEFI • MASSACH.JSETTS Project 85669 Sep. 2, 1987 Fig. Fll 



US. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
BORING Sl03 Vicksburg, Mississippi Lower San Fernando Dam SAMPLE S27 San Fernando, California TOP 10 INCHES 

<D OE<YI'ECIINIC AL E NGINEERS INC. 
WINCHESTER • MASSA~TTS Project 85669 Sep. 2, 1987 Fig. Fl2 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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SAMPLE S18 
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TOP 14 INCHES 
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US. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Vicksburg, Mississippi Lower San Fernando Dam SAMPLE S32 San Fernando, California TOP 17 INCHES 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Vicksburg• Mi ssissippi Lower San Fernando Dam BORING Slll 
San Fernando, California SAMPLE S9 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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<P 
BOTIOH 8 INCHES 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Army Corps of Engineers GRAIN SIZE CURVE 

was retained on the No. 4 Re-evaluation of !ATCH MIX 1 
sieve. The maximum Vicksburg, Mississipi Lower San Fernando Dam FRACTION PASSING 

San Fernando; California particle size was l-in. NO 4. SIEVE 

<D OECYI'ECIINICAL ENOINEERS INC. 
W1NCHESTE~ • MASSACHUSETTS Project 85669 Feb. 20, 1986 Fig. Fl8 



US. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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NOTE: 4.77. of the total sample GRAIN SIZE CURVE 
was retained on the No. 4 Army Corps of Engineers Re-evaluation of BATCH MIX 3 
sieve. The maximtun Vicksburg, Mississippi Lower San Fernando Dam FRACTION PASSING 
particle size was 1 1/2-in. San Fernando, California NO • 4 SIEVE 

Q) 
. 

GEOTECHNICAL ENGINEERS INC. 
WINCH ESTER • M ASSA C H.JSETTS Project 85669 Feb. 20, 1986 Fig. F20 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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NOTE: 0 . 87o of the total sample GRAIN SIZE CURVE 
wee retained on the No. 4 Army Corps of Engineers Re-evaluation of BATCH MIX 4 
sieve. The maximum Vicksburg, Mississippi Lower San Fernando Dam FRACTION PASSING 
particle size was l-in. San Fernando, California NO. 4 SIEVE cp OEOTECJINICAL ENOINEER9 INC. 

W9\JCHESTEI=I • M 4 S9Ac::H...I9eTTB Project 85669 Feb. 20, 1986 Fig. F21 



US. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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NOTE: 1.57. of the total sample GRAIN SIZE CURVE 
was retained on the No. 4 Army Corps of Engineers Re-evaluation of BATCH MIX 5 

. sieve. The maximum Vicksburg, Mississippi Lower San Fernando Dam FRACTION PASSING 
particle size was 1/2-in. San Fernando, California No. 4 SIEVE 

<D OEOTECJINICAL ENGINEERS INC. 
WINCHESTER • MASSACHUSETTS Project 85669 Feb. 20, 1986 Fig. F22 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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was retained on the No. 4 Army Corps of Engineers Re-evaluation of BATCH MIX 6 
sieve. The maximum Vicksburg, Mississippi Lower San Fernando Dam FRACTION PASSING 
size was l-in. San Fernando, California No. 4 SIEVE cp G EOTECHNIC AL ENGINEERS INC. 

V\IINCHESlEF=l • MASSA~TTS Project 85669 Feb. 20, 1986 Fig. F23 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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NOTE: 0 . 6% of the total sample GRAIN SIZE CURVE 
was retained on the No. 4 Army Corps of Engineers Re-evaluation of BATCH MIX 7 
sieve. The maximum Vicksburg, Mississippi Lower San Fernando Dam FRACTION PASSING 
particle size was 3/8-in. San Fernando, California No. 4 SIEVE 
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SAMPLE TS302 San Fernando, California -FROM TEST Rl 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
Vicksburg, Mississippi Lower San Fernando Dsm EXPLORATORY SHAFT 

SAMPLE TS20J San Fernando, California FROM TEST 12 
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U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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SAMPLE TS lj 6 San Fernando, California 
FROM TEST l3 
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WI'ICI-ESTER • MASSACHUSETTS Project 85669 Sept. 2, 1987 Fig. F27 



U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
I 

'I• 
1
/z 'Ia 4 6 ~10 14 16 20 30 40 so 1.0 1qo 110 2_po ~ 4 ~ 2 1~'2 l r 100 I I I I ..1 I I 0 ' 'l ' ! ' r ' ' ! ..... ..... 

~ 
I 

i I '\ I 
I I I 10 90 · t I I! I 1\ 

.. 
I 

t I I 
I I 
!. I I I ! I i , 

li I ' 
~ 

I i 20 80 
l • : I j 

I I 

II i I I 

I I I I 
t 

~ 
I I I !i I I 

30 ~ 70 
II :z: l i I C) 

I -C) I I 1&.1 - i I ~ 1&.1 I I ; ~ 11 t I 

60 I 40 > I I > I I I CD I : I 
CD I I I 

I : [ i I a: a: 1&.1 
1&.1 I l I 50 ., 

50 I z I I I I ! a: - I J 4 1&. I! • 

I II ll 0 
~ 

I 

I 0 z I I 60 
1&.1 40 f I I i I 

.... 
0 I I I \ z 

I II 1&.1 a: I j I I l \ I i u 1&.1 I ! I a: a. 30 I 70 1&.1 r -

' I I I I 
I ~ II a. I I 

1 I . 
I j 

~ ~ 
I 

20 ~ : 1\ 80 
I II : 
~ I I I 

f.- T I I I 

I 10 - - r-- - - I - t- - - l 
.. J- - --- - f-- - 90 I 

I I 
- ~ f-· r- 1- -- -

I 

~ ! 0 - ll 100 
500 100 50 10 5 ' 0.5 0 .1 0.05 0.01 0.005 0.001 

GRAIN SIZE MILLIMETERS 

COBBLES 
GRAVEL SAND SILT OR CLAY 

COARSE I FINE COARSE I MEDIUM I FINE 

Grain size analyses performed GRAIN SIZE CURVE 
on top 9 em of sample. Army Corps of Engineers Re-evaluation of EXPLORATORY SHAFT 

Vicksburg, Mississippi Lower San Fernando Dam SAMPLE TS102 
San Fernando, California FROM TEST R4 
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Grain size analyses performed Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
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Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
Vicksburg, Mississippi Lower San Fernando Dam BORING'Ul03 
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San Fernando, California FROM TEST R8 
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• 
Grain size analyses performed Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
on top 8 em of sample. Vicksburg, Mississippi Lower San Fernando Dam EXPLORATORY SHAFT 

San Fernando, California SAMPLE TS207A 
FROM TEST 110 
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SAMPLE TS l03 San Fernando, California FROM TEST Rll 
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Army Corps of Engineers Re-evaluation of GRAIN SIZE CURVE 
Vicksburg, Mlssiasippi Lower San Fernando Dam EXPLORATORY SHAFT 
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LOADING YOKE 

LC I 

NQT£: 
Lc DEAD WEIGHT SYSTEM FOR APPLYING 

ANISOTROPIC CONSOLIDATION STRESSES 
THE FOLLOWING ARE NOT SHOWN: 

I. Air Pressure Reoulatinv System 
2. Back Pressure and Cell Pressure Lines 
3. Pore Pressure Transducer 
4. Volume Change Measurement System 
5. Strip Chart Recorder 

NOT TO SCALE 

Army Corps of Engineers 
Vicksburg, Mieeieeippi 

SCHEMATIC DIAGRAM 
OF LOAD CONTROLLED 

CYCLIC DEVICE 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando California 
OIOC1l'ECHNICAL ENGINEERS INC. t---..-..-.....;,.,;;;,;,;,;;;;.-..;;~.......;;;,;:;,;;,;;,;~..;,:,:,;~----------~ 

WINCHESTEI'l • MASSACHUSETTS Project 85669 Sept. 2, 1987 Fig. Fl04 
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N 1.5 Anisotropic loads applied vith air piston syste• 
E 
~ 
01 
~ 1.0 -
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~ N 0.5 

compression ____ .. 
extension 

0 

2.0~------.-------~------~------~------~ 

0 
1.0 

N e 
~ 
~ 

0.5 X. .. 
bf() 

0 
0 

Strain at end of 3rd compression cycle = 19.7% 

.. Strain at start of rapid failure = 0.78% 

co•pression 
~ Start of rapid failure; pore pressure not equalized. 

• End of 3rd compression cycle; pore pressure 
not equalized. 

4 8 12 16 
CYCLE NUMBER 

SOIL: Batch Mix 7. Silty Fine Sand with 50.5i. slightly 
plas.tic fines. 

20 

STRUCTURE: Remolded. Compacted moist at 4i. water content 
in 8 layers. Soil passed through No. 40 sieve. 

STATE: Ole= 2.00 kg/emf ec = 0.646 
- 2 o3c = 1.00 kg/em rdc = 102.0 pcf 

LOADING: Undrained Cyclic Axial Compression. 
Air Piston Load Application System 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando , California 

SUMMARY PLOTS 
CYCLIC TRIAXIAL 

TEST clUOl 
G~CALENG~INc. ~----------~------------~----------------------~ 

'll.....C:Z ESTWR • ,..,.. i •o=t I t i 6 Project 85669 Sept. 2, 1987 Fig. Fl06 
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q and q a r defined in Table r6 

----- Average q
1 .. Average qr 

0 40 eo 120 160 
CYCLE NUMBER 

SOIL: Batch Mix 7. Silty Fine Sand with 50.5i. slightly 
plastic fines. 

200 

STRUCTURE: Remolded. Compacted moist at 4~ water content 
in 8 layers. Soil passed through No. 40 sieve. 

- I 2 STATE: o 1 = 2.05 kg em e :: 0.593 
- c c 
0 3c = 1.00 kg/cm2 'Ydc = 105.4 pcf 

LOADING: Undrained Cyclic Axial Compression. 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of SUMMARY PLOTS 
Lower San Fernando Dam CYCLIC TRIAXIAL 

San Fernando, California TEST CR103 
GEOIECDnCALENG~lNC. ~~~~~~~~~~~~~------------------------1 
~~R • ._ ...... 01..81£ tiS 

Project 85669 Sept. 2, 1987 Fig. Fl08 
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• 20% strain; pore pressure not equalized. 

0 4 8 12 16 
CYCLE NUMBER 

SOIL: Batch Mix 7. Silty Fine Sand with 50.5~ slightly 
plastic fines. 

STRUCTURE: 

-STATE: ale -a 
3c 

Remolded. Compacted moist at 4~ water content 
in 8 layers. Soil passed through No. 40 sieve. 

- 2.01 kg/cm2 e c 0.647 
c 

= 1.00 kg/cm2 1dc - 101.9 pcf 

LOADING: Undrained Cyclic Axial Compression. 

20 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of 
Lower San Fernando Dam 

SUMMARY PLOTS 
CYCLIC TRIAXIAL -TEST CR105 San Fernando , California 

G~CALENG~RSINC. ~~~~~~~~~~~~~~----------------------~ 
~S I ER • MAS:&AO-tuSET'TS 

Project 85669 Sept. 2, 1987 Fig. F110 
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Sample crept to start of rapid straining at 
E = 1.85% in 4 seconds. a 

Start of rapid straining; pore pressure equalized. 

20% strain; pore pressure not equalized. 

8 12 16 
CYCLE NUMBER 

SOIL: Batch Mix 7. Silty Fine Sand with 50.51 slightly 
plastic fines. 

STRUCTURE: Remolded. Compacted moist at 4~ water content 
in 8 layers. Soil passed through No. 40 sieve. 

STATE: alec 2.00 kg/cm 2 e IC 0.643 
c a3ca: 1.00 kg/ cm2 

LOADING: Undrained Cyclic 

'Y de ... 102.2 pcf 

Axial Compression. 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando, California 

SUMMARY PLOTS 
CYCLIC TRIAXIAL -TES'I Ckl06 

20 

GEOTECHNICAL ENGINEERS INC. ~------------+----------------1 
~STEP • M466ACMUSETTS Project 85669 Sept. 2, 1987 Fig. Flll 
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Sample crept to start of rapid straining 
at£ = 1.85% in 17 seconds. 

a 

..... 

4 Start of rapid straining; pore pressure 
equalized. 

~ 20% strain; pore pressure not equalized. 

8 12 16 
CYCLE NUMBER 

SOIL: Batch Mix 7. Silty Fine Sand with 50.57. slightly 
plastic fines. 

STRUCTURE: Remolded. Compacted moist at 4~ water content 
in 8 layers. Soil passed through No. 40 sieve. 

STATE: ole= 2.00 kg/cm2 e e 0.649 
e 

03e = 1.00 kg/cm2 r de - 101.8 pcf 

LOADING: Undrained Cyclic Axial Compression. 

20 

Army Corps of Engineers 
Vicksburg, Mississippi 

SUMMARY PLOTS 
CYCLIC TRIAXIAL -TEST CR108 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando, California 
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Sa•ple crept to start of rapid straining at 
£ = 1.05% in 65 seconds. 

a 

Start of rapid straining; pore pressure 
equalized. 

--- 20% strain; pore pressure not equalized. 

8 12 16 
CYCLE NUMBER 

SOIL: Batch Mix 7. Silty Fine Sand with 50.51 slightly 
plastic fines. 

STRUCTURE: Remolded. Compacted moist at 4~ water content 
in 8 layers. Soil passed through No. 40 sieve. 

STATE: ole= 2.01 kg/crr.2 e = 0.645 
c -

a3c = 1.00 kg/cm2 ")'de - 102.0 pcf 

LOADING: Undrained Cyclic Axial Compression. 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando, California 

SUMMARY PLOTS 
CYCLIC TRIAXIAL 

TEST dl09 
GEOI ECHNICAL ENGINEERS INC. 

20 

\NINCHESTER • MA66AC-.EiETTS Project 85669 Sept. 2, 1987 Fig. Fll3 
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• 

Sample crept to start of rapid straining 
at £ = 1.19% in 42 minutes. 

a 

.. Start of rapid straining; pore pressure 
equalized • 

20% strain; pore pressure not equalized. 

8 12 16 
CYCLE NUMBER 

SOIL: Batch Mix 7. Silty Fine Sand with 50.54 slightly 
plastic fines. 

20 

STRUCTURE: Remolded. Compacted moist at 4~ water content 
in 8 layers. Soil passed through No. 40 sieve. 

-
STATE: Ole= 2.00 kg/cm2 e = 0.651 

- c 
a 3 c a 1 • 00 kg/ em 2 'Y d c = 1 01 • 7 p c f 

LOADING: Undrained Cyclic Axial Compression. 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando. California 

SUMMARY PLOTS 
CYCLIC TRIAXIAL 

TEST ClU10 
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Sample crept to start of rapid straining at 
£ = 0.98% in 6.3 minutes. a 

Start of rapid straining; pore pressure 
equalized. 

20% strain; pore pressure not equalized. 

4 8 12 
CYCLE NUMBER 

16 

SOIL: Batch Mix 7. Silty Fine Sand with 50.5l slightly 
plastic fines. 

STRUCTURE: Remolded. Compacted moist at 4l water content 
in 8 layers. Soil passed through No. 40 sieve. 

- 2 STATE: ale= 2.00 kg/em 

a3c = 1.00 kg/cm2 

LOADING: Undrained Cyclic 

e = 0.646 c 
'Y de .. 102.0 pcf 

Axial Compression. 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of SUMMARY PLOTS 
Lower San Fernando Dam CYCLIC TRIAXIAL 

20 

San Fernando, California TEST CRlll 
G~CALENG~mc.~------------------------~----~~~-------------1 
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PERIPHERAL VANE DISPLACEMENT, em. 

SOIL: Boring Ul05, Sample UF14C, Depth 99.6 ft. El. 1014.5 ft, Silty Clay 

STRUCTURE: Undisturbed Tube Sample 

STATE: Water Content 24.0~ 

LOADING: 

DETAILS: 

Vane Inserted 2.5 em into open end of specimen while 
specimen was still in sampling tube. Undrained vane shear. 

Vane size: 1.27 em diameter. 1.27 em long. 
Rotation Rate: 19.1./sec. Peripheral Vane Displacement Rate: 0.21 cm/aec. 

Army Corps of Engineers 
Vicksburg, Mississippi 

Re-evaluation of 
Lower San Fernando Dam 

San Fernando, California 

SHEAR RESISTANCE VS. 
PEIIPHERAL VANE 

DISPLACEMENT TEST LV) 
OECYfECitNICAL ENGINEERS INC. J----------------+----------------1 

WNCHESTEI'f. MASSAC~ETTS Project 85669 Sep. 2. 198 7 r 1 g. I' 116 




